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A b strac t
S tud ies in  mammals have suggested  a re g u la to ry  ro le  fo r  
c o r tic o s te ro n e  on locom otor a c t i v i t y .  F u r th e r , re c e n t s tu d ie s  of 
th e  w h ite - th ro a ted  sparrow  have in d ic a te d  t h a t  th e  tim e o f th e  
d iu rn a l  re le a s e  o f hormones i s  im portan t in  re g u la tin g  th e  physio­
lo g ic a l  and b eh av io ra l ev en ts  in  i t s  annual c y c le . T h ere fo re , a 
study  was perform ed to  a s c e r ta in  whether th e  d iu rn a l  rhythm of 
plasma c o rtic o s te ro n e  le v e ls  s h i f te d  in  accordance w ith  th e  sea ­
sona l changes in  th e  d a i ly  p a t t e r n  of locom otor a c t iv i t y  in  th e  
w h ite - th ro a ted  sparrow .
Plasma le v e ls  o f c o r t ic o s te ro n e  were measured f lu o ro m e tr i-  
c a l ly  a t  fou r tim es o f  th e  day on February 9 (w in te r ) , A p ril 5 
(p ren u p tia l m o lt) , May 5 and 15 (sp rin g  m ig ra tion ) and August 7 
(p o s tn u p tia l m o lt) . A d iu rn a l  rhythm o f plasma c o r tic o s te ro n e  
le v e ls  occurs a t  each tim e o f  y e a r . Moreover, th e  phase o f th e  
rhythm w ith  re s p e c t  t o  th e  pho toperiod  i s  d i f f e r e n t  a t  each of 
th e  fo u r seasons. Peak le v e ls  o f c o r t ic o s te ro n e  a re  not d i r e c t ly  
r e la te d  to  peaks o f locom otor a c t iv i t y .  Locomotor a c t iv i ty  i s  
b e t t e r  c o rre la te d  w ith  th e  d isappearance  o f plasma c o r t ic o s te ro n e .
A seasonal v a r ia t io n  in  th e  ab so lu te  le v e ls  o f plasma c o r t ic o ­
s te ro n e  a lso  o c cu rs . C o rtic o s te ro n e  le v e ls  a re  h ig h e s t in  w in te r . 
They decrease  l in e a r ly  d u rin g  th e  p re n u p tia l  m o lt, sp rin g  m ig ra tio n ,
v i
v i i
and p o s tn u p tia l  m o lt. A d i r e c t  r e la t io n s h ip  betw een th e  seaso n a l 
le v e ls  o f c o r t ic o s te ro n e  in  th e  plasm a and th e  amount o f locom otor 
a c t i v i t y  does not o c cu r. The t o t a l  d a i ly  locom otor a c t i v i t y  ob­
served  in  May i s  over tw ice  t h a t  which occurs in  F eb ruary , when 
plasm a le v e ls  o f c o r t ic o s te ro n e  a re  h ig h e s t .
In tro d u c tio n
The fin d in g  of a d iu rn a l  rhythm o f 1 7 -k e to s te ro id  le v e ls  
in  t h e  u rine  o f men was th e  f i r s t  su g g e s tio n  th a t  th e  ad ren a l 
g land might have a d iu rn a l  rhythm o f a c t iv i t y  (P incus, 1943). 
Because c ir c u la t in g  le v e ls  o f e o s in o p h ils  a re  a good index o f  
a d re n o c o r tic a l a c t iv i ty  in  mammals ( fo r  rev iew , sees H alberg , 
H alberg , Barnum & B i t tn e r ,  1959), H alberg and h is  coworkers 
(1953) concluded on th e  b a s is  o f t h e i r  s tu d ie s  o f eo s in o p h il 
le v e ls  th a t  th e re  was a d iu rn a l  rhythm  o f plasma a d re n o c o r tic a l 
hormones in  m ice.
A d iu rn a l  rhythm o f plasma a d re n o c o r tic a l  hormone was 
f i r s t  dem onstrated in  th e  human (Doe s i  s i . ,  1954; T y le r s i  a l . .  
1954). In  bo th  s tu d ie s ,  plasma 1 7 -h y d ro x y co rtico s te ro id  le v e ls  
were h ig h e s t between 0600 and 0900 and low est a t  2200. A s im ila r  
rhythm of 1 7 -h y d ro x y co rtico s te ro id s  was found in  th e  monkey 
(Migeon e t  a l . .  1955). The c o r t ic o id  le v e ls  were h ig h es t a t  
0600 and low est a t  2100. In  bo th  th e  human and th e  monkey th e  
d iu rn a l  rhythms of a d re n o c o rtic a l hormone and c ir c u la t in g  eosino ­
p h i ls  a re  phased so t h a t  eosinopen ia  occurs a t  th e  tim e o f in ­
c re a s in g  a d re n o c o rtic a l s te ro id  l e v e ls .
The a d re n o c o rtic a l hormones a re  invo lved  in  th e  re g u la tio n  
o f numerous p h y s io lo g ic a l e v e n ts . T h e ir  e f f e c t s  on le v e ls  o f
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blood glucose and l i v e r  glycogen and on g lu coneogenesis , in ­
flam mation and immunity axe w e ll known. In a d d it io n , th e  adreno­
c o r t i c a l  hormones have been im p lica ted  in  th e  re g u la tio n  of body 
tem pera tu re , m ito s is , locom otor a c t iv i t y  (H alberg e t  a,l . .  1958; 
H alberg, Peterson  and S i lb e r ,  1959; Halberg e i  a l . ,  1965) and 
s e n s i t iv i t y  o f th e  nervous system  (Henkin g t  j j l . , 1968; Frank 
ej: a l . , 1 9 6 6 ; Woodbury e t  a l . .  1957; Woodbury, 1952). Most o f 
th e se  events have been shown to  e x h ib i t  a d iu rn a l  rhythm of 
occurrence (fo r  rev iew , see ; S o llb e rg e r , 1965).
Halberg has c o rre la te d  th e  phase r e la t io n s h ip s  of th e  d iu rn a l 
rhythms of locomotor a c t i v i t y ,  l i v e r  g lycogen , m ito s is  and body 
tem pera tu re  w ith  th e  d iu rn a l  rhythm of plasm a a d re n o c o rtic a l hor-. 
mone. While such c o r r e la t io n s  do not dem onstra te  cau sa l r e l a t io n ­
s h ip s , Halberg su ggests  t h a t  th e  phase r e la t io n s h ip s  o f th e  adreno­
c o r t ic a l  hormones to  p h y s io lo g ic a l  events i s  an im portan t re g u la to ry  
mechanism (H alberg, H alberg , Barnum and B i t tn e r ,  1959; Halberg e t  a l . .
1965). That i s ,  th e  a d re n a ls  could impose a d iu rn a l  rhythm on 
various phenomena. T h ere fo re  i f  th e  a d ren a l e x e r ts  a re g u la to ry  
in flu en ce  on locomotor a c t i v i t y ,  i t  could be expected th a t  th e  
ad renal rhythm would have a s p e c i f ic  phase r e la t io n s h ip  w ith  r e ­
sp e c t to  locomotor a c t i v i t y .  In  th e  mouse, th e  peak le v e ls  o f 
plasma c o rtic o s te ro n e  p reced e  th e  peak o f locom otor a c t iv i ty  by 
about fo u r hours (H alberg, P e te rso n  and S i lb e r ,  1959).
A ro le  fo r  th e  a d re n o c o r t ic a l  hormones in  th e  re g u la tio n  
or m aintenance of locom otor a c t i v i t y  i s  supported  by in d ir e c t
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evidence . H a lb e rg 's  f in d in g s  t h a t  th e  d iu rn a l  rhythm  of th e  
a d re n o c o rtic a l hormones lead s  in  phase th e  rhythm o f  locomotor 
a c t iv i ty  i s  apparen t in  a v a r i e ty  of an im als. The e a r ly  morning 
peak o f  a d re n o c o r tic a l hormone u su a lly  occurs p r io r  to  th e  
h a b itu a l  tim e of awakening, o r  th e  beginning o f d a i ly  locomotor 
a c t iv i ty  in  both  th e  human and th e  Rhesus monkey. The human 
and th e  monkey are  d iu rn a l  an im als . In  two o th e r  d iu rn a l  an im als, 
th e  dog and th e  h o rse , plasm a le v e ls  o f a d re n o c o r tic a l  hormones 
a re  h ig h es t a t  mid-morning (Harwood and Mason, 1956; Zolovik 
e t  a l . , 1 9 6 6 ) •
The rhythm o f  plasma a d re n o c o r tic a l  hormones among noctu rnal 
anim als i s  c o n s id e ra b ly  out o f phase w ith  th e  rhythms observed in  
d iu rn a l  an im als. Plasma c o r t ic o s te ro n e  in  mice m aintained on a 
1 2 -hour photoperiod  i s  h ig h e s t about two hours b e fo re  th e  beginning 
o f th e  dark p eriod  (H alberg , P e te rso n  and S i lb e r ,  1959? G a lic ich  
Si. a l . , 1963; Haus, 1964).
A s im ila r ,  b u t more v a r ia b le ,  rhythm of c o r tic o s te ro n e  
occurs in  th e  plasma o f th e  r a t .  Using a 14-hour pho toperiod , 
R etiene and h is  co-w orkers ( 1 9 6 8 ) found c o r t ic o s te ro n e  le v e ls  to  
be h ig h es t about an hour b e fo re  th e  beginning o f th e  dark  p e rio d . 
With 12-hour p h o to p erio d s , o th e r  workers (Saba, P. A. e t  a l . .
1965; McCarthy e t  a l . .  I960) found th a t  plasma c o r tic o s te ro n e  
was h ig h es t two hours a f t e r  th e  beginning of th e  d a rk  p e rio d .
In  another experim en t, c o r t ic o s te r o id  le v e ls  were h ig h e s t sh o r t ly  
befo re  sunset in  r a t s  exposed to  a n a tu ra l  pho toperiod  of 1 1
4
hours on February 1 (G uillem in  e t  a l . , 1959) • An e a r ly  evening 
peak o f plasma a d re n o c o r tic a l  hormones a lso  occurs in  th e  c a t 
(K rieger and K rieg e r, 1967)• In  each of th e  anim als l i s te d  
above th e  d iu rn a l  rhythm o f  a d re n o c o r tic a l hormones leads in  
phase th e  d iu rn a l  rhythm o f locom otor a c t iv i t y .
A w e ll-d e fin ed  d iu rn a l  rhythm  o f plasma c o r t ic o s te ro n e  is  
no t apparent in  th e  n o c tu rn a l meadow vo le  (Seabloom, 1965). The 
le v e ls  o f c o r tic o s te ro n e  appear to  be h igher in  th e  l a te  a f t e r ­
noon p r io r  to  in creased  le v e ls  o f  locomotor a c t iv i t y  during  th e  
n ig h t. A b ip h as ic  rhythm o f plasm a c o rtiso n e  (e a r ly  morning and 
l a t e r  a fternoon  peaks) i s  p re s e n t  in  th e  c a t f i s h  (Boehlke e t  a l . .
1966). Because th e se  f i s h  ten d  to  be a c tiv e  bo th  day and n ig h t, 
th e y  cannot be c la s s i f i e d  as e i t h e r  d iu rn a l  o r n o c tu rn a l an im als. 
However, the  peaks of c o r t is o n e  seem to  occur p r io r  to  th e  tim es 
t h a t  lo c a l  fisherm an r e p o r t  most a c tiv e  fee d in g . I t  i s  cu rious 
t h a t  th e  rhythm o f plasma c o r t ic o s te ro n e  in  th e  c a t f i s h  i s  out 
o f phase w ith th e  rhythm o f c o r t is o n e .  Peak le v e ls  o f c o r t ic o s ­
te ro n e  occur when c o r t iso n e  le v e ls  a re  low.
A p o ss ib le  ro le  o f  th e  a d re n o c o r tic a l hormones in  th e  
i n i t i a t i o n  o r m aintenance o f locom otor a c t iv i ty  p o ss ib ly  involves 
an e f f e c t  on th e  nervous sy stem . In normal men, th e re  i s  a d iu rn a l 
rhythm of t o t a l  e lec troencepha log ram  (EEG) o u tp u t w ith  th e  g re a te s t  
neu ra l a c t iv i ty  being a t  mid-morning (Frank e t  ,gjL. ,  1966) • This 
EEG peak appears to  lag  by s e v e ra l  hours th e  peak o f plasma c o r t i s o l .  
The l a t e r  a fte rn o o n  tro u g h s in  th e  rhythms o f bo th  param eters have 
a s im ila r  phase r e la t io n s h ip .
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A c a u sa l r e la t io n s h ip  between th e  le v e ls  of a d re n o c o rtic a l 
hormone and EEG ou tpu t i s  in d ic a te d  by s e v e ra l experim ents.
R abbits t r e a te d  w ith  dexam ethasone, a s y n th e tic  g lu c o c o rtic o id , 
e x h ib i t  in c reased  b e h a v io ra l a le rtm ess and increased  EEG a c t iv i ty  
(Shimada, 1966). There i s  an in c re ase  o f th e  thalam ic  and r e t i c ­
u la r  a ro u sa l resp o n ses as w e l l .  In  humans an immediate in c rease  
in  t o t a l  EEG o u tp u t fo llow s in je c t io n s  o f c o r t i s o l  (Feldman e t  a l . .  
1961).
The s t im u la tio n  o f n e u ra l a c t iv i t y  by ad rena l s te ro id s  could 
be a r e s u l t  o f  t h e i r  e f f e c t  on th e  d i s t r ib u t io n  of ions in  th e  
nervous system . Woodbury and h is  co-w orkers (1957), using th e  
e lec tro sh o ck  s e iz u re  th re s h o ld  (EST) as an index of th e  s e n s i t iv i t y  
o f  th e  nervous system , r e p o r t  t h a t  th e  g lu c o c o rtic o id s  decrease  
th e  EST. T hat i s ,  th e  g lu c o c o r tic o id s  in c rease  neu ra l s e n s i t iv i t y .  
The increased  s e n s i t i v i t y  was c o r re la te d  w ith an e le v a tio n  in  
b ra in  i n t r a c e l lu l a r  sodium and an in c re a se  in  plasma po tassium .
C o r t is o l  and c o r t ic o s te ro n e  were found to  be concen tra ted  
up to  1 0 0  tim es h ig h er in  n e u ra l t i s s u e  th an  in  th e  plasma o f th e  
human o r th e  c a t  (Touchstone e t  ,§1 ., 1966} Henkin e t  a l . .  1968). 
Following adrenalectom y o f th e  c a t ,  c o r t i s o l  and c o rtic o s te ro n e  
c o n ce n tra tio n s  were d is p ro p o r t io n a te ly  lower in  th e  b ra in ,  sp in a l 
cord and th e  s c i a t i c  nerve compared to  serum le v e ls  (Henkin e£ a l . .  
1968). These responses were accompanied by an in c re ase  in  serum 
potassium  and perhaps a s l i g h t  drop in  serum sodium. Moreover, 
w ithdraw al o f th e  a d re n o c o r tic a l  hormones de lays conduction across 
myoneural ju n c tio n s  and p o ly sy n ap tic  sensory  system s (Ojemann and
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Henkin, 1967; Chambers e t  a l . , 1963). These experim ents sug g est 
t h a t  th e  a d re n o c o r tic a l hormones p lay  a s ig n i f ic a n t  though not as 
y e t w e ll-d e f in e d  ro le  in  n eu ra l fu n c tio n .
More d i r e c t  ev idence fo r  th e  involvement o f th e  ad ren a ls  in  
locom otor a c t iv i t y  i s  found in  experim ents on th e  m ig ra to ry  w h ite -  
crowned sparrow  (Meier e t  a l . , 1965). In je c tio n s  o f p red n iso n e , 
a s y n th e t ic  g lu c o c o r tic o id , augmented no c tu rn a l locomotor a c t i v i t y  
induced ou t o f season by exogenous p r o la c t in .  T his locom otor 
r e s t le s s n e s s  i s  regarded  as an index o f th e  p h y s io lo g ic a l p re ­
paredness t o  m ig ra te . An in h ib i t io n  o f m igratory  r e s t le s s n e s s  
r e s u l te d  from in je c t io n s  o f m etap irone , an in h ib i to r  o f g luco­
c o r t ic o id  s y n th e s is .  The a c t iv i t y  was re s to re d , however, i f  th e  
m etapirone were accompanied by c o r t ic o s te ro n e . These experim ents 
dem onstra te  t h a t  a d re n o c o r tic a l hormones a re  e s s e n t ia l  fo r  an 
e x p re ss io n  o f m ig ra to ry  r e s t le s s n e s s ,  but th ey  do not in d ic a te  
w hether th e  hormones e x e r t  a c a u sa tiv e  e f f e c t  o r a p erm issive  one.
In a d d it io n  to  a d iu rn a l  v a r ia t io n ,  ad renal g lands a ls o  
undergo se aso n a l v a r ia t io n s  in  a c t iv i t y .  C h r is tia n  (1962) has 
d e sc rib e d  a b ip h as ic  annual rhythm of ad renal weight in  th e  wood­
chuck. One peak occurs in  sp rin g  and ano ther in  l a t e  summer. The 
peaks a re  a sso c ia te d  w ith  p e rio d s  o f increased  s o c ia l  in te r a c t io n ,  
bu t re p ro d u c tio n  seems t o  have no d i r e c t  in flu en ce  on ad ren a l 
w e ig h ts . However, in  th e  ro u n d - ta i le d  ground s q u i r r e l ,  ad ren a l 
w eigh ts a re  h ig h e s t d u rin g  th e  sp rin g  rep ro d u c tiv e  period  (N eal, 
1965). The ad ren a l w eights a re  low est in  September j u s t  p r io r  t o  
h ib e rn a tio n . S im ila r ly , in  a sp e c ie s  o f  A u s tra lia n  t r o p ic a l  sk in k ,
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g ro ss  and h i s to lo g ic a l  measurements o f th e  in te r r e n a l  t i s s u e  
in d ic a te  in c re a se d  a c t iv i t y  du ring  th e  most a c tiv e  rep roductive  
p e rio d s  (W ilh o ft, 1964).
Among b i r d s ,  Hohn (1947) was unable to  dem onstrate any 
seaso n a l v a r i a t io n  o f ad renal w eights in  e i th e r  th e  male or fem ale 
m a lla rd . But d u rin g  th e  breed ing  seaso n , th e  female showed a p ro ­
p o r t io n a l  in c re a s e  in  th e  c o r t i c a l  t i s s u e  over th e  m edullary t i s s u e ,  
an in c re a se  no t observed in  th e  m ale. In  a second study using more 
b i r d s ,  Hohn and h is  co-w orkers (1.965) found t h a t  ad renal w eights o f 
bo th  male and fem ale ducks in c reased  during th e  breeding season 
and ag a in  in  autumn and w in te r .
In  o th e r  b i r d s ,  h is to lo g ic a l  c r i t e r i a  o f te n  provide con­
f l i c t i n g  in fo rm a tio n  reg a rd in g  th e  seasonal a c t iv i t y  of th e  i n t e r -  
r e n a l  t i s s u e .  B urger (1938) observed h is to lo g ic a l  changes in d ic a ­
t iv e  o f in c re a se d  c e l lu l a r  a c t iv i t y  during th e  rep roductive  p eriod  
of th e  non -m ig ra to ry  s t a r l i n g .  S im ila r observ a tio n s were made by 
R a i t t  (1968) on th e  non-m igratory  Gambel q u a i l ,  and by Fromme- 
Bouman (1962) on th e  non-m igratory  European b la c k b ird . S tud ies 
of m ig ra to ry  b i r d s ,  however, do not support th e s e  r e s u l t s .  H is to ­
lo g ic a l  ev idence  su ggests  in creased  adrenal a c t i v i t y  in  Gambel's 
w hite-crow ned sparrow  during  th e  w in te r , and decreased a c t iv i ty  
du rin g  th e  summer rep ro d u c tiv e  p e rio d  (Lorenzen and F arner, 1964). 
John (1966) has shown h is to c h e m ic a lly  th a t  th e  conten t o f adreno­
c o r t i c a l  hormone in  th e  ad re n a ls  o f two sp ec ie s  o f m igratory  
Ind ian  w a g ta ils  i s  h igher du ring  th e  m igratory  periods th a n  th e  
p o s t-m ig ra to ry  p e r io d s .
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D irec t measurements o f plasma a d re n o c o r tic a l hormone a t  
d i f f e r e n t  tim e s  o f  th e  year are  few. S tud ies o f two anadromous 
f i s h ,  th e  P a c if ic  salmon and th e  m igratory  rainbow  t r o u t ,  have 
show n fo u r - fo ld  in c re a se s  in  th e  le v e ls  of plasma a d re n o c o r tic a l 
hormone d u rin g  t h e i r  m ig ra tio n  from th e  sea to  t h e i r  fre sh w a te r  
spawning beds (Hane and R obertson , 1959; R obertson e t  a l . .  1961). 
There i s  a ls o  a marked h y p e rp la s ia  o f th e  a d re n a ls . I t  i s  o f 
in te r e s t  t o  no te  t h a t  th e  non-m igratory  rainbow t r o u t  does no t 
have ad ren a l h y p e rp la s ia  nor an in c re a se  in  plasma s te ro id s  p r io r  
to  o r du rin g  th e  rep ro d u c tiv e  period  (Hane and R obertson , 1959).
Assenmacher and B o iss in  (1968) and Resko and co-w orkers (1964) 
have re p o rte d  a se a so n a l d if fe re n c e  in  the! le v e ls  o f plasma c o r t i ­
co ste ro n e  in  th e  duck and th e  ch icken . In  bo th  b i r d s ,  plasm a 
c o r t ic o s te ro n e  le v e ls  were h ig h er in  w in te r th an  in  sp r in g . The 
s ig n if ic a n c e  o f t h e i r  r e s u l t s  i s  not c le a r  however, as. n e i th e r  
study  considered  d iu rn a l  v a r ia t io n s  o r th e  p o s s ib i l i ty  t h a t  th e  
phase o f th e  rhythm  m ight be d i f f e r e n t  a t  d i f f e r e n t  tim es of th e  
y e a r .
Because th e  a d re n o c o r tic a l hormones have been im p lica ted  in  
th e  r e g u la t io n  Of s e v e ra l  d a i ly  and seasonal e v e n ts , i t  seemed of 
in t e r e s t  to  le a rn  w hether th e  d iu rn a l  plasma le v e ls  o f an adreno­
c o r t i c a l  hormone change phase from one season to  ano ther in  accor­
dance w ith  s h i f t s  in  v a rio u s  rhythm ic phenomena. A ccordingly , 
experim ents were perform ed to  determ ine whether th e re  a re  p a r a l l e l  
s h i f t s  in  th e  d iu rn a l  rhythm s o f plasma c o r tic o s te ro n e  and locom otor 
a c t iv i t y  a t  s e v e r a l  seasons of th e  y e a r . C o rtic o s te ro n e  i s  th e
prim ary  s te ro id  se c re te d  by av ian  in te r r e n a l  t i s s u e  (Nagra jet .a i. 
1960; deRoos, I 9 6 0 , 1961). These experim ents were perform ed on 
th e  m ig ra to ry  w h ite - th ro a te d  sparrow , Z o n o trich ia  a l b i c o l l i s .
T his b ird  i s  e s p e c ia l ly  w e ll- s u ite d  fo r  t h i s  ty p e  o f  study  in a s ­
much as i t s  tem poral p a t te r n  of d a i ly  locom otor a c t i v i t y  s h i f t s  
from one season to  an o th e r, having a noc tu rna l component du rin g  
t h e  m ig ra to ry  p e rio d s  (E y ster, 1954).
M ateria ls  and Methods
The w h ite -th ro a te d  sparrow , Z ono trich ia  a l b i c o l l i s . breeds 
th roughout much o f sou thern  Canada and n o r th e a s te rn  United S ta te s ,  
and w in te rs  p r im a r ily  in  th e  sou thern  s t a te s  and Texas (AOU Check­
l i s t ,  1957). W hite-th roated  sparrows w in te rin g  in  Baton Rouge, 
L o u is ian a , were caught w ith  m ist ne ts  and t r a p s  from November -  
March in  1967 and 1968. The b ird s  were housed in  ou tdoor a v ia r ie s  
and m aintained on a d ie t  of chick s t a r t e r  c rum bles, g ra in  and w ater.
Blood fo r  plasma c o rtic o s te ro n e  measurements was ob tained  by 
h e a r t  puncture  from b ird s  in  fou r d i s t in c t  p h y s io lo g ic a l  s t a t e s ;  
o v e r-w in te rin g  (February 9 ) , p re n u p tia l m olt (A p ril 5 ) ,  sp rin g  
m ig ra tio n  (May 5 and 15) and p o s tn u p tia l  m olt (August 7 ) .  Plasma 
samples were ob ta ined  in  each of th e se  p e rio d s  in  1967 and 1968. 
Sampling was done a t  s ix -h o u r in te rv a ls  th roughou t th e  day be­
g inn ing  a t  s u n r is e .  About one-ha lf hour was re q u ire d  to  complete 
th e  blood c o l le c t io n s .  The plasma was im m ediately c o lle c te d  and 
fro ze n  a t  -15° C u n t i l  th e  assays were perform ed. Plasma c o r t i ­
costerone  i s  s ta b le  fo r  many months i f  kept f ro z e n  (G uillem in ,
C lh  y to n , Lipscomb and Smith, 1959) • A ll a ssay  b ird s  were main­
ta in e d  in  th e  outdoor a v ia r ie s  fo r  a t l e a s t  one month befo re  use .
The c o n c e n tra tio n  of plasma c o r t ic o s te ro n e  was measured 
f lu o ro m e tr ic a lly  using  an Aminco-Bowman S p ec tro p h o to flu o ro m ete r.
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The procedures follow ed were th o se  o f  S i lb e r  and h is  co-w orkers 
(1958) w ith  th e  m o d ifica tio n s  fo r  av ian  plasm a o f  Nagra and h is  
co-w orkers (1963).
One m i l l i l i t e r  o f plasma was added to  a 50 ml screw  cap 
c e n tr ifu g e  tu b e  and d i lu te d  to  3 .5  ml w ith  d e io n iz e d , g la s s -  
d i s t i l l e d  w a te r. Three and o n e -h a lf  m i l l i l i t e r s  o f th e  stan d ard  
so lu tio n s  were a lso  added to  c e n tr ifu g e  tu b e s .  To each sample and 
s ta n d a rd , 1 0  ml o f petroleum  e th e r  was added, th e  m ix ture  shaken 
fo r  30 seconds, c e n tr ifu g e d  fo r  3 m inutes and th e  petro leum  e th e r  
la y e r  (top) removed and d isc a rd e d . T his s te p  was follow ed by an 
e x tr a c t io n  w ith  1 0  ml o f chloroform  w ith  th e  upper aqueous la y e r  
being d isc a rd e d . To promote b e t t e r  p ro te in  p r e c ip i t a t io n  and more 
thorough removal o f l i p id s ,  co ld  chloroform  (-10° C) was added 
slow ly  w hile  sw ir lin g  th e  c e n tr ifu g e  tu b e  (Henry, 1964). The 
chloroform  e x tr a c t  was shaken w ith  0 .5  ml o f 0 .1  N NaOH fo r  15 
seconds, c e n tr ifu g e d  fo r  3 m inutes and th e  NaOH (top) d isc a rd e d . 
Because c o r t ic o s te ro n e  i s  nd t s ta b le  in  a l k a l i ,  i t  i s  im portant 
to  keep th e  exposure to  NaOH to  a minimum ( S i lb e r ,  e t , ^ l « ,  1958).
F luorescence  was induced by adding 5 ml o f th e  chloroform  
e x tr a c t  c o n ta in in g  th e  c o r t ic o s te ro n e  to  1 .5  ml o f a s u l f u r ic  acid : 
a b so lu te  e th a n o l m ixture (65/35 , V/V), a lso  in  a 50 ml screw  cap 
c e n tr ifu g e  tu b e . T his s o lu t io n  was shaken f o r  30 seconds, c e n t r i ­
fuged fo r  2 m inutes and th e  upper ch loroform  la y e r  d isc a rd e d . The 
tim e t h a t  th e  chloroform  e x tr a c t  i s  added to  th e  s u l f u r ic  a c id : 
ab so lu te  e th a n o l m ixture should be n o ted . The f lu o rescen ce  was 
allowed to  develop a t  room tem pera tu re  fo r  e x a c tly  50 m inu tes,
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a t  which tim e th e  sam ples were a c tiv a te d  a t  470 mu and th e  
flu o rescen ce  read  a t  530 mu. The le v e ls  o f plasma c o r t ic o s te ro n e  
were exp ressed  as micrograms c o r t ic o s te ro n e  p e r 1 0 0  ml plasma (ug%).
C o rtic o s te ro n e  s tan d ard s  were p repared  from a concen tra ted  
c o r t ic o s te ro n e  s to ck  s o lu t io n .  C o rtic o s te ro n e  (N u tr i t io n a l  Bio­
chem icals C orporation ) was d is so lv e d  in  ab so lu te  e th an o l a t  a 
c o n c e n tra tio n  o f 4 mg/ ml and d i lu te d  to  a c o n c e n tra tio n  of 25 
m g /l i te r  w ith  de io n ized  g l a s s - d i s t i l l e d  w a te r. A standard  curve 
was o b ta in ed  using  c o r t ic o s te ro n e  s tan d ard s o f 2 .0 ,  1 .5 , 1 .0  and 
0 .5  ug/» (F igure  1 ) . D eionized g l a s s - d i s t i l l e d  w ater was c a r r ie d  
th rough  th e  e x tr a c t io n  procedure  and served  as a b lan k . During 
a l l  e x tr a c t io n s ,  i t  i s  im portan t t h a t  th e  c e n tr ifu g e  caps be lin e d  
w ith  an i n e r t  l i n e r ,  such as t e f l o n ,  because th e  chloroform  and 
th e  a c t iv a t in g  medium e x tr a c t  a substance  from th e  cap l in e r  which 
f lu o re s c e s .
For each p o in t d e te rm in a tio n  i t  was necessary  to  pool th e  
plasma from two and o c c a s io n a lly  th r e e  b i r d s .  In  1968, on ly  th e  
plasma from c o n se c u tiv e ly  k i l l e d  b ird s  was pooled to  determ ine 
w hether th e r e  was a d if f e re n c e  between th e  plasma c o r tic o s te ro n e  
le v e ls  o f th o se  b ird s  k i l l e d  f i r s t  and th o se  k i l le d  l a s t .
Locomotor a c t iv i t y  was reco rded  du ring  th e  week p r io r  to  
each o f th e  sam pling d a y s . The a c t iv i t y  cages were kept in  an 
outdoor a v ia ry  exposed to  th e  n a tu ra l  pho to p erio d . The b ird s  
were caged in d iv id u a l ly .  Two perches in  each cage were coupled 
to  m icrosw itches so t h a t  th e  d e p re ss io n  of th e  perches r e s u l te d  
in  the; m onito ring  o f locom otor a c t iv i t y  on an E sterline-A ngus
13
event r e c o rd e r . Locomotor a c t i v i t y  i s  expressed  as an a c t iv i ty  
index (mean number o f two m inute in te r v a ls  p e r  hour w ith  th re e  
or more h o p s).
Plasma le v e ls  o f  t o t a l  l ip id s  were measured on 50 u l plasma 
sam ples. O ne-half m i l l i l i t e r  o f a chloroform :m ethanol e x tra c t io n  
m ixture (2 / l , V/V) was added to  50 u l o f plasma in  a 3 ml c e n t r i ­
fuge tu b e . The m ix tu re  was s t i r r e d  fo r  one m inute, c en trifu g ed  fo r  
th re e  m inutes and th e  chloroform :m ethanol phase (lower) co n ta in in g  
th e  l ip id s  removed w ith  a sy rin g e  and saved . The rem aining w ater 
phase and p r e c ip i t a te  were s im i la r ly  r e - e x tra c te d  tw ice and th e  
chloroform :m ethanol phase from each o f th e  e x tra c t io n s  pooled.
To th e  pooled m ix tu re , o n e - f i f th  volume o f 0.034% MgCl2  was added 
to  se p a ra te  th e  ch loroform  and m ethanol. T h is m ixture was s t i r r e d  
and c e n tr ifu g e d  fo r  3 m in u tes , a f t e r  which th e  upper methanol:MgCl2  
phase, along w ith  any p ro te in  o r l ip o p ro te in  f lo c c u la n t , was r e ­
moved and d is c a rd e d . The rem aining ch loroform  phase was t r a n s fe r r e d  
to  a 1 dram screw  cap v i a l  and th e  ch loroform  evaporated over low 
heat (not over 37° C ). The screw  caps were lin e d  w ith  t e f lo n .  
Following e v a p o ra tio n , 100 u l o f chloroform  was added from a 
m ic ro p ip e tte  and th e  v i a l s  t i g h t l y  capped to  avoid evapo ra tion . 
A liquo ts o f 25 u l were t r a n s fe r r e d  to  ta re d  e le c tro b a la n ce  cups, 
th e  chloroform  evaporated  and th e  rem aining l ip id s  weighed. A ll 
weighings were made on a Cahn e le c tro b a la n c e . Three 25 u l r e p l i ­
c a te s  fo r  each plasm a sample were averaged and th e  r e s u l t s  expressed  
in  mg% plasma l i p i d s .
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The t o t a l  body l ip id s  o f th e  assay  b ird s  were determ ined 
a t  each o f th e  seasons s tu d ie d . The ca rca sses  were d r ie d  in  a 
h e a ted , vacuum d e s ic c a to r .  The body l ip id s  were e x tra c te d  w ith  
petro leum  e th e r  in  Soxhlet a p p a ra t i .  T o ta l body l ip id s  a re  ex­
p ressed  as th e  d ry  l ip id  index (% l ip id  o f dry  body w e ig h t) .
S t a t i s t i c a l  analy ses o f  th e  d iu rn a l and seaso n a l rhythms o f 
plasma c o r t ic o s te ro n e  were perform ed using th e  le a s t- s q u a re s  
a n a ly s is  o f v a ria n c e  w ith  th e  com pletely randomized d e s ig n . 
D iffe ren ces  between th e  mean le v e ls  of plasma l ip id s  were ana­
lyzed using  S tu d e n t 's  " t"  t e s t .  A ll r e s u l t s  a re  expressed  as 
th e  mean + th e  s tan d ard  e r r o r .
R e su lts
A. The F luorom etric  P rocedure .
S evera l o f th e  methods f o r  th e  d e te rm in a tio n  o f plasma 
c o r t ic o s te ro n e , in c lu d in g  th e  one employed in  t h i s  s tudy  (Nagra- 
S ilb e r )  have been c r i t i c i z e d  f o r  t h e i r  i n a b i l i t y  t o  remove in te r ­
fe r in g  fluorogens (Frankel e t  . a l . , 1967). T h ere fo re  s e v e ra l t e s t s  
were perform ed to  a s c e r ta in  w hether t h i s  assay  could  be used fo r  
plasm a o f th e  w h ite - th ro a ted  sparrow .
F luorescence of a c o r t ic o s te ro n e  s tan d ard  develops g ra d u a lly , 
reach in g  p la te a u  le v e ls  in  about an h o u r, rem ains a t  t h i s  le v e l  
fo r  approxim ately  two hours and th e n  beg ins a slow  decay (Figure 2 ). 
D ev ia tio n  from t h i s  f lu o re sc en c e  p a t te r n  could in d ic a te  th e  presence 
o f an in te r f e r in g  flu o ro g en . The f lu o re sc en c e  i n t e n s i t i e s  fo r  
plasma o f th e  w h ite - th ro a te d  sparrow , p igeon and chicken  were 
p lo t te d  over f iv e  hour p e rio d s  and th e  curves compared to  t h a t  of 
a 2  ug% c o r tic o s te ro n e  s tan d a rd  (F igure 2 ) .  The flu o rescen ce  
curves ob tained  from th e  plasm a o f s a l in e  in je c te d  o r u n trea ted  
b ird s  a re  e s s e n t ia l ly  p a r a l l e l  t o  th e  c o r t ic o s te ro n e  s ta n d a rd .
T h is s im i la r i ty  in d ic a te s  t h a t  l i t t l e  in te r f e r i r tg  fluo rogen  i s  
p re s e n t .
These r e s u l t s  c o n tr a s t  from th e  f lu o re sc en c e  curve ob tained  
by F rankel and h is  co-w orkers (1967) fo r  ch icken  plasma using  th e
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N agra-S ilber method. T h e ir  curve d i f fe re d  co n sid e rab ly  from th e  
c o rtic o s te ro n e  s tan d a rd  in  t h a t  th e  f lu o rescen ce  developed more 
slow ly i n i t i a l l y  and was s t i l l  in c re a s in g  a f t e r  th re e  hou rs. 
Chicken plasma e x tra c te d  by an extended flu o ro m e tric  procedure 
designed by F rankel and h is  co-w orkers (1967), e x h ib ited  a f lu o r ­
escence curve which p a r a l le le d  th e  stan d ard  somewhat l ik e  our own 
r e s u l t s  using th e  N ag ra -S ilb e r method. T his extended method in ­
volves chrom atographic p u r i f i c a t io n  of th e  s te r o id .
In a com parison o f th e  F rankel extended method and th e  
N agra-S ilber method using  plasm a from th e  a d re n a l v e in  o f hypo- 
physectom ized, m etapirone ( in h ib i t s  g lu c o c o rtic o id  sy n th e s is )  
t r e a te d  ch ickens, F rankel found a la rg e  d if fe re n c e  in  th e  le v e ls  
o f plasma c o r t ic o s te ro n e . With h is  extended procedure , he 
measured 0 .6  ug% c o r t ic o s te ro n e  in  th e  ch ick en . Using th e  Nagra- 
S ilb e r  method, th e  le v e ls  were 1 0 . 0  ug%, F rankel concluded th a t  
th e re  i s  a r e s id u a l  con tam inating  f lu o rescen ce  eq u iv a le n t to  about 
10.0 ug/o c o r t ic o s te ro n e  when th e  N agra-S ilber method i s  employed. 
However, our d a ta  from th e  ch icken  and th e  w h ite - th ro a ted  sparrow  
dem onstrate t h a t  r e s id u a l  f lu o resc en c e  approaching t h i s  magnitude 
does not occur in  our use o f th e  N ag ra-S ilber te c h n iq u e . F i r s t ,
50 m inutes a f t e r  a c t iv a t io n ,  th e  mean f lu o resc en c e  in te n s i ty  of 
th e  plasma from th e  f iv e  ch ickens shown in  F igu re  2 i s  eq u iv a le n t 
to  1 .5  ug% c o r t ic o s te ro n e .  T h is i s  c o n s id e ra b ly  le s s  th an  
(about l / 6 ) th e  r e s id u a l  f lu o re sc en c e  alone rep o rte d  by F rankel 
in  th e  chicken using  th e  same p rocedu re . Second, th e  plasma le v e ls
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of c o r t ic o s te ro n e  measured in  th e  w h ite - th ro a te d  sparrow  w ith  
t h i s  tech n iq u e  a ls o  f a l l  w ell below th e  1 0  ug/o le v e l  (Table I)  • 
These va lues a re  among th e  low est ever re p o rte d  fo r  plasma le v e ls .
A p o s s ib le  sou rce  of f lu o rescen ce  in te r fe re n c e  i s  plasma 
l ip id s  (F rankel e t  & 1., 1967). Pigeons and w h ite - th ro a te d  sparrow s 
were in je c te d  w ith  e s t r a d io l  benzoate to  in c re a se  th e  plasma l ip id  
le v e ls  (R iddle and Senum, 1939; Entenman e t  a l . .  1940) to  t e s t  
th e  e f f e c t  o f  h igh  plasma l ip id s  on th e  flu o re sc en c e  in te n s i ty .
The pigeons re c e iv e d  2 ug e s tra d io l/g ra m  body w eight and th e  
w h ite - th ro a te d  sparrow s 1  ug/gram body w eigh t. In je c tio n s  were 
made a t  th e  m iddle o f an 8 -hour (pigeon) o r 1 2 -hour (w h ite- 
th ro a te d  sparrow ) pho toperiod  fo r  th re e  d ay s . A ll b ird s  in  each 
experim ent were k i l l e d  a t  th e  same tim e o f day . The e s t r a d io l  
in je c t io n s  in c re a se d  t o t a l  plasm a l ip id  le v e ls  in  th e  pigeon 
from 1176 t o  4006 mg% (p < .001) (Table I I ) .  The in creased  plasma 
l ip id s  are  a s so c ia te d  w ith  an in c re a se  in  plasm a flu o rescen ce  
which would be e q u iv a le n t t o  a change in  c o r t ic o s te ro n e  from 1 . 9  
to  8 .0  ug% (p < .001) (Table I I ) .  Furtherm ore, th e  shape o f th e  
5-hour f lu o re sc e n c e  curve o f th e  plasma from th e  e s t r a d io l  t r e a te d  
pigeons v a r ie d  m arkedly from th a t  o f th e  c o r t ic o s te ro n e  standard  
and th e  s a l in e  in je c te d  pigeons (Figure 2 ) .
In  th e  w h ite - th ro a te d  sparrow , e s t r a d io l  d id  not in c re a se  
t o t a l  plasma l i p i d s .  Plasma l ip id s  were 536 mg% in  th e  c o n tro ls  
and 583 mg% in  th e  e s t r a d io l  t r e a te d  b ird s  (Table •£!). The 
fluo resoence  i n t e n s i t i e s  o f th e  plasma from th e  c o n tro l and 
e s t r a d io l  t r e a te d  b ird s  were e q u iv a le n t t o  2 .6  and 2 .5  \xg%
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c o r t ic o s te ro n e  r e s p e c t iv e ly .  The d if fe re n c e  i s  no t s ig n i f ic a n t  
(Table I I ) .  Moreover, th e  shape o f th e  5 -hour f lu o re sc en c e  curves 
fo r  th e s e  two groups o f b ird s  were th e  same (F igure  2 ) .
These r e s u l t s  suggest th a t  in  some c a s e s ,  plasm a l ip id s  
may in te r f e r e  w ith  th e  f lu o re sc e n t d e te rm in a tio n  of plasma c o r t i ­
c o s te ro n e . However, t h i s  source of in te r f e r e n c e  does not appear 
l ik e ly  in  th e  w h ite - th ro a te d  sparrow  inasmuch as e s t r a d io l  d id  not 
a f f e c t  th e  plasm a l ip id  le v e ls  or th e  f lu o re sc e n c e . In  a d d it io n , 
none o f th e  b ird s  k i l le d  fo r  assay  were in  th e  re p ro d u c tiv e  sta ije  
when blood l ip id  le v e ls  could be expected to  be h ig h e r . However, 
th e se  r e s u l t s  must be in te rp re te d  w ith  c a u tio n , as i t  i s  by no 
means c le a r  how much th e  h igher le v e ls  o f plasm a l ip id  may cause 
a f a l s e  r i s e  in  plasma c o r tic o s te ro n e  inasmuch as e s tro g e n  may 
a ls o  s t im u la te  an in c re a se  in  ad rena l a c t i v i t y  (K itay , 1963).
Care must be e x e rc ised  to  avoid con tam ination  from o th e r  
so u rc e s , such as c o lo r  bands on p ip e t te s ,  ru b b e r p a r t i c l e s  (Frank61 
S i  a i . ,  1967), o r stopcock  g re a se , p ro te in  p r e c ip i t a n t  and cap 
l i n e r s .  Numerous in te r fe re n c e s  such as th e  above could  p rovide 
a f a l s e  h igh  in  th e  le v e ls  o f c o r t ic o s te ro n e . Because our d e te r ­
m inations o f c o r t ic o s te ro n e  le v e ls  a re  much lower th a n  th o se  of 
F rankel and h is  co-w orkers, t h e i r  c r i t ic is m s  o f  th e  N ag ra-S ilber 
tech n iq u e  may be j u s t i f i e d  in  th e  p e c u lia r  c o n d itio n s  o f t h e i r  
experim en ts, bu t th ey  do not appear v a lid  in  th e  c o n te x t o f our 
own e x p e rien c es .
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B. Seasonal Values o f Body W eight, Body F a t ,  Gonad Weights 
and Locomotor A c tiv ity .
The seaso n a l v a r ia t io n s  o f body w eight in  w h ite - th ro a te d  
sparrow s m aintained  in  th e  outdoor a v ia r ie s  co in c id ed  tem pora lly  
w ith  th e  seaso n a l f lu c tu a t io n s  of body w eight in  f e r a l  b ird s  
(F igure 3 ) .  T o ta l body l ip id s  were determ ined  on th e  assay  b ird s  
a t  each o f th e  fo u r seasons s tu d ie d . The in c re a se  in  body weight 
o f th e  w h ite - th ro a te d  sparrow during  sp r in g  m ig ra tio n  was a r e ­
s u l t  o f  in c reased  f a t  s to ra g e . At t h i s  tim e body l ip id s  comprised 
53.4% o f th e  d ry  body weight (Table I I I ) .  T o ta l body l ip id s  in  
F eb ruary , A p ril and August were much low er, being  1 9 .0 , 17.5 and 
15.7%, r e s p e c t iv e ly ,  o f th e  d ry  body w eigh t.
Gonadal s t im u la tio n  was not e v id e n t among w in te rin g  b ird s  
o r among b ird s  du ring  th e  p re n u p tia l  o r p o s tn u p t ia l  m o lt. The 
p a ired  t e s t e s  w eights were between 2 and 3 mg a t  each o f th e se  
se aso n s . S im ila r ly , ovarian  and o v iduca l w eights were low a t  
th e s e  t im e s , being le s s  th an  13 and 7 mg, r e s p e c t iv e ly .  In  May 
gonadal recrudescence  was e v id e n t. P a ired  t e s t e s  w eights had 
in c reased  to  46 mg. The o v a rie s  (24 mg) and o v id u c ts  (11 rag) 
were a ls o  s t im u la te d , bu t to  a le s s e r  e x te n t .  The fem ale r e ­
p ro d u c tiv e  system  responds more slow ly  to  p h o to p e rio d ic  stim u­
la t io n  (Farner e t  a l . .  1966).
The p re n u p tia l  and p o s tn u p tia l  m olts o ccu rred  among th e  
a v ia ry  b ird s  a t  th e  same tim e th a t  th e y  occurred  in  th e  f e r a l  
p o p u la tio n s . Compared to  th e  tim e when th e  f e r a l  p o p u la tio n  of 
w h ite - th ro a te d  sparrows leave Baton Rouge (Lowery, 1955;
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p e rso n a l o b se rv a tio n s ) , th e  appearance of n o c tu rn a l m igra to ry  
a c t i v i t y  was delayed two to  th r e e  weeks among a v ia ry  b ird s .
F e ra l  b ird s  complete th e  northw ard m ig ra tio n  by th e  f i r s t  week 
o f  June. Caged b i rd s ,  however, show m igra to ry  r e s t le s s n e s s  
th roughou t th e  sp rin g  and summer u n t i l  th e  p h o to re fra c to ry  o r 
p o s tn u p tia l  molt p e rio d  in  A ugust.
The d iu rn a l p a t te r n  of locom otor a c t iv i ty  in  th e  w h ite - 
th ro a te d  sparrow a t  d i f f e r e n t  seasons i s  shown in  F igu re  10.
A peak o f locomotor a c t iv i t y  occu rs  w ith in  ah hour o f s u n r is e .
T h is peak i s  follow ed by a g rad u a l decrease  in  locom otor a c t iv i ty  
du rin g  th e  rem ainder o f th e  m orning and during  th e  e a r ly  a f t e r ­
noon. A second, sm a lle r  peak o f  a c t i v i t y  occurs in  th e  la te  
a fte rn o o n  in  A pril and August, bu t not in  February  and May. In 
May th e  l a t e  afternoon  peak appears  to  be s h i f te d  in to  th e  n igh t 
becoming noctu rna l m ig ra to ry  r e s t l e s s n e s s .  A w e ll-d e fin e d  
second peak of a c t iv i ty  does no t occur in  F eb ruary . The phases 
o f th e  rhythms of locom otor a c t i v i t y  a re  d i f f e r e n t  a t  d i f f e r e n t  
tim es o f th e  year.
C. D iurnal and Seasonal L evels o f  Plasma C o rtic o s te ro n e .
The in d iv id u a l d e te rm in a tio n s  o f plasma c o r t ic o s te ro n e  are  
summarized in  Table I .  In  w in te r in g  b ird s  on F ebruary  9, a d iu rn a l 
v a r ia t io n  of plasma c o r t ic o s te ro n e  o c cu rs . Throughout th e  day th e  
le v e ls  o f c o rtic o s te ro n e  in c re a se  2j? tim es from a low o f 2 . 9  ug% 
a t  su n r ise  to  a peak o f 7 .0  ug% s h o r t ly  a f t e r  su n se t (Figure 4 ) .  
During th e  n igh t th e  le v e ls  f a l l .  T h is rhythm, analyzed by
21
orthogonal com parisons (Table IV ), shows a s ig n i f ic a n t  (p <?.05) 
qu ad ra tic  response  and a h ig h ly  s ig n i f ic a n t  (p < . 0 1 ) cubic r e ­
sponse. That i s ,  th e  l in e s  which b e s t f i t  th e  rhythm are a 
parabo la  and sigm oid c u rv e , r e s p e c t iv e ly .
During th e  p re n u p t ia l  m olt (A pril 5) th e  phase of th e  
rhythm of c o r t ic o s te ro n e  d i f f e r s  from t h a t  found in  w in tering  
b i rd s .  C o rtic o s te ro n e  i s  now h ig h e s t  s ix  hours a f t e r  su n rise  
(3 .9  ug%) and low est a t  su n se t (2 .9  ug%) (F igure 5 ) .  F u rth e r , 
th e  am plitude o f th e  A p ril rhythm  i s  n o tic e a b ly  le s s  th an  in  
F ebruary . The o rth o g o n al com parison in d ic a te s  th a t  th e  d if fe re n c e s  
between th e  peaks and tro u g h s a re  s ig n i f ic a n t  (Table V). The r e ­
sponse su rfa c e  o f th e  rhythm  of c o r t ic o s te ro n e  may be a parabo la  
(p < .05) o r a sigm oid curve (p C .0 1 ) .
F igure 6  i l l u s t r a t e s  th e  le v e ls  o f plasma c o rtic o s te ro n e  on 
May 5 and 15 du ring  th e  sp rin g  m ig ra to ry  p e r io d . Once more, th e  
phase of th e  d iu rn a l  rhythm  d i f f e r s  from th o se  of th e  p revious 
seasons. Peak c o r t ic o s te ro n e  le v e ls  (3.5$ug%) occur a t  su n rise  
and g rad u a lly  d isa p p e a r from th e  plasma reach in g  a low of 2 . 1  
ug% a t  m idn igh t. The d ec rease  in  plasma c o r t ic o s te ro n e  is  a 
h ig h ly  s ig n i f ic a n t  l in e a r  e f f e c t  (p < .0 0 l )  a lthough  th e  r a te  of 
c o r tic o s te ro n e  d isap p ea ran ce  appears to  be g re a te s t  between sun­
s e t  and m idnight (Table V I) .
During th e  p o s tn u p t ia l  m o lt, plasma le v e ls  o f c o rtic o s te ro n e  
are  high du ring  th e  l a s t  h a lf  o f  th e  n ig h t (F igure 7 ) .  A peak of 
3 .7  ug% occurs a t  s u n r is e .  The plasm a le v e ls  d ecrease  ra p id ly  t o  
a low of 2 .1  ug% around noon. The le v e ls  rem ain low throughout
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th e  r e s t  o f th e  d a y lig h t  hours and in c re ase  du ring  th e  e a r ly  n ig h t 
to  a v a lue  o f 3 ,0  ug$ a t  m idn igh t. The rhythm  is  a h ig h ly  s ig ­
n i f ic a n t  p a ra b o la  (p < .01) (Table V II) .
I t  i s  apparen t t h a t  th e  phase of th e  d iu rn a l  rhythm of 
c o r t ic o s te ro n e  s h i f t s  from one season  to  a n o th e r. The a n a ly s is  
o f v a ria n ce  (Table V III) in d ic a te s  t h a t  th e  d if fe re n c e s  in  th e  
response  su rfa c e s  o f  th e  fo u r rhythms a re  h ig h ly  s ig n i f ic a n t  
(p < .0 1 ) .  Furtherm ore , th e  rhythms vary  as a fu n c tio n  o f th e  
tim e o f y e a r . That i s ,  each o f th e  fou r rhythms i s  a sso c ia te d  
w ith  a p a r t i c u l a r  p h y s io lo g ic a l c o n d itio n  in  th e  annual cy c le  o f 
th e  w h ite - th ro a te d  sparrow . The phase r e la t io n s h ip s  of th e se  
rhythms a re  p resen ted  g ra p h ic a lly  in  F igure  8 .
In  a d d it io n  to  th e  seaso n a l d if fe re n c e s  w ith  re s p e c t  to  
th e  phases o f th e  d iu rn a l  rhythm s, th e re  i s  a lso  a seaso n a l v a r i ­
a t io n  in  a b so lu te  le v e ls  o f plasma c o r t ic o s te ro n e  (F igure 9 ) .
The se a so n a l le v e ls  were determ ined by averaging th e  mean concen­
t r a t i o n  o f c o r t ic o s te ro n e  a t  each o f th e  fo u r sam pling tim es 
du rin g  th e  day . C o rtic o s te ro n e  le v e ls  were h ig h es t du rin g  th e  
w in te r . On February  9 , th e  mean c o n c e n tra tio n  du ring  th e  day 
was 5 .0  ug%. During th e  su ccess iv e  p e rio d s  o f th e  p re n u p tia l  
m o lt, sp r in g  m ig ra tio n  and p o s tn u p tia l  m o lt, th e re  i s  a d ecrease  
in  th e  le v e ls  o f  c o r t ic o s te ro n e  in  th e  plasm a. The le v e ls  a t  
th e se  th r e e  seasons a re  3 .5 ,  3 .0  and 2 .7  ug$, re s p e c t iv e ly . The 
a n a ly s is  o f  v a ria n ce  (Table V III)  in d ic a te s  t h a t  t h i s  d ecrease  i s  
a h ig h ly  s ig n i f ic a n t  (p <*0 1 ) l in e a r  e f f e c t .
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The o rd e r  in  which th e  b ird s  were k i l le d  a t  th e  d i f f e r e n t  
sam pling tim es d id  no t appear to  in flu e n ce  th e  le v e ls  of plasma 
c o r t ic o s te ro n e .  T hat i s ,  our p resence in  th e  a v ia ry  did not in ­
duce a s ig n i f i c a n t ly  g re a te r  re le a s e  o f c o rtic o s te ro n e  in  th o se  
b ird s  k i l le d  l a s t  th a n  in  th o se  k i l le d  f i r s t .
Experim ents in  th e  r a t  have shown th a t  th e re  may be sex 
d if fe re n c e s  in  th e  am plitude and phase o f th e  d iu rn a l  rhythm of 
c o r t ic o s te ro n e . These d if fe re n c e s  have been a t t r ib u te d  to  th e  
gonadal hormones (R etiene e t  ,&1., 1968; K itay  e t  ,§1 ., 1966; 
K itay , 1963; C ritch lo w  e t  a l . .  1961). Because th e  male and 
fem ale w h ite - th ro a te d  sparrow s are no t d is t in g u is h a b le  by ex­
t e r n a l  morphology and because th e  Baton Rouge popu lation  i s  only 
about 39% m ale, no a ttem p t was made to  pool th e  blood on th e  
b a s is  o f s e x . In  th o se  in s ta n c e s  where pooled samples were from 
one se x , th e r e  was no apparen t d if fe re n c e  in  th e  co n cen tra tio n  
of plasm a c o r t ic o s te ro n e  between males and fem ales. Inasmuch 
as th e  b ird s  were not re p ro d u c tiv e ly  a c t iv e ,  in flu en ces  by th e  
gonadal hormones m ight be expected  t o  have been m inim al.
D iscussion
An e s tim a te  o f th e  seaso n al ad rena l a c t i v i t y  in  th e  w h ite -  
th ro a te d  sparrow  was made by measuring th e  plasma le v e ls  o f c o r t i ­
c o s te ro n e . T his e s tim a tio n  ta k e s  in to  account d iu rn a l  v a r ia t io n s  
o f th e  hormone. Plasma c o r t ic o s te ro n e  le v e ls  d ecrease  l in e a r ly  
(p < .0 1 ) in  th e  w h ite - th ro a te d  sparrow  from February  t o  August 
(F igure 9 )• These r e s u l t s  agree w ith  th e  h is to lo g ic a l  ev idence 
of ad ren a l a c t iv i t y  in  th e  white-crowned sparrow , a m igran t c lo s e ly  
r e la te d  to  th e  w h ite - th ro a te d  sparrow  (Lorenzen and F a rn e r , 1964). 
S im ila r ly , th e  s tu d ie s  o f  Assenmacher and B o iss in  (1968) and 
Resko and co-w orkers (1964) in  th e  duck and th e  ch icken  a lso  
show h ig h er le v e ls  o f plasma c o rtic o s te ro n e  in  w in te r  th a n  in  
sp r in g .
Our r e s u l t s  a re  not in  agreement w ith  th o se  re p o rte d  fo r  
th e  European b la c k b ird , a non-m igrant (Fromrae-Bouman, 1962).
In  t h i s  b ird  ad ren a l a c t i v i t y ,  using h is to lo g ic a l  c r i t e r i a ,  was 
h ig h es t in  th e  summer and low est in  l a t e  f a l l .  The reaso n  fo r  
t h i s  d if f e re n c e  between m ig ra to ry  and non-m igratory  b ird s  i s  not 
c le a r .  I t  i s  notew orthy t h a t  in  th e  w h ite - th ro a te d  sparrow  th e re  
i s  no sim ple d i r e c t  r e la t io n s h ip  between th e  seaso n a l le v e ls  o f 
c o r t ic o s te ro n e  in  th e  plasm a and th e  amount o f locom otor a c t i v i t y .  
Whereas d a i ly  locom otor a c t iv i t y  observed in  May i s  over tw ice  
t h a t  which occurs in  F eb ruary , th e  le v e ls  o f plasma c o r t ic o s te ro n e
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a re  h ig h e s t in  February . Perhaps seaso n al v a r ia t io n s  o f hormone 
p ro d u c tio n  a re  o f le s s e r  im portance th a n  d iu rn a l  v a r ia t io n s .
The phase of th e  d iu rn a l  rhythm w ith  r e s p e c t  t o  th e  photo­
p e rio d  d i f f e r s  a t  v a rio u s  seasons of th e  y ear (F igu re  8 ) .  There i s  
a unique d iu rn a l  rhythm of c o r t ic o s te ro n e  in  th e  w h ite - th ro a te d  
sparrow  fo r  th e  fo u r seasons of th e  annual c y c le .  A le a s t- s q u a re s  
a n a ly s is  o f v a rian ce  (Table V III) in d ic a te s  t h a t  th e  d if fe re n c e s  
in  phase o f th e  v a rio u s  c o r tic o s te ro n e  rhythms a re  th e  r e s u l t  of 
th e  e f f e c t s  o f th e  tim e o f year and no t th e  e f f e c t s  o f th e  tim e 
o f  day ( p < .0 1 ) .  That i s ,  th e re  i s  no d iu rn a l  rhythm  of plasma 
c o r t ic o s te ro n e  i f  th e  le v e ls  o f c o r t ic o s te ro n e  a t  s u n r is e  a t  a l l  
fo u r  seaso n s, as w ell as th e  le v e ls  o f c o r t ic o s te ro n e  a t  6 , 1 2 , 
and 18 hours a f t e r  su n r ise  fo r  a l l  fo u r se a so n s , a re  averaged .
I t  i s  notew orthy th a t  th e  phase o f  th e  s p e c i f ic  d iu rn a l  
rhythm s o f a d re n o c o r tic a l hormones rep o rte d  fo r  humans, th e  
la b o ra to ry  mouse and th e  la b o ra to ry  r a t  a re  rem arkably  s im ila r  
f o r  each p a r t i c u l a r  s p e c ie s . In  view o f  th e  la rg e  number o f s tu d ie s  
o f  th e  d iu rn a l  rhythm of plasma a d re n o c o r tic a l  hormones in  th e se  
th r e e  an im als , i t  seems h ig h ly  u n lik e ly  t h a t  a l l  th e  s tu d ie s  were 
perform ed a t  th e  same tim e o f y e a r . The r e p r o d u c ib i l i ty  o f r e s u l t s  
makes i t  appear t h a t  th e  phase of th e  d iu rn a l  rhythm  o f plasma 
a d re n o c o r tic a l  hormones does not s h i f t  s i g n i f i c a n t ly  th roughout 
th e  y e a r . The lack  o f a phase s h i f t  in  th e s e  anim als and th e  
p resen ce  o f phase s h i f t s  in  th e  w h ite - th ro a te d  sparrow  may be 
c o r r e la te d  w ith  th e  f a c t  t h a t  th e  human, th e  mouse and th e  r a t  
a re  not t r u l y  seaso n a l an im als, whereas th e  w h ite - th ro a te d  sparrow
2 6
has a w e ll-d e f in e d  annual c y c le . In  th o se  se a so n a l an im als where 
rhythms o f plasm a a d re n o c o rtic a l hormones have been d e sc rib e d  
(meadow v o le , channel c a t f i s h  and h o rse ) , th e  s tu d ie s  have been 
perform ed a t  on ly  one tim e o f  th e  y e a r.
The even ts  o f th e  annual cycle  o f th e  w h ite - th ro a te d  sparrow  
would seem to  be tim ed to  occur in  a fu n c t io n a l  and a d a p tiv e ly  
b e n e f ic ia l  sequence. Because many of th e  p h y s io lo g ic a l  and be­
h a v io ra l  phenomena have an endocrine b a s is ,  t h e  d iu r n a l  p ro d u ctio n  
and re le a s e  o f hormones, s h i f t in g  in  phase th ro u g h  th e  annual 
c y c le , could be in s tru m e n ta l in  tim ing  t h e i r  s e q u e n t ia l  o ccu rren ces . 
While th e  le v e ls  o f most hormones have been shown t o  e x h ib i t  d i ­
u rn a l rhythm s, on ly  re c e n tly  have th e  p o s s ib le  im p lic a tio n s  of 
t h i s  ty p e  of v a r ia t io n  been explored in  r e l a t i o n  to  r e g u la t io n  of 
an a n im a l's  d a i ly  and annual c y c le s .
The rhythm ic presence  of a hormone m ight be expec ted  to  
induce a rhythm ic response to  i t .  Lamond and Braden (1959) found 
a d iu rn a l  rhythm o f response to  pregnant mare serum (PMS) o r human 
c h o rio n ic  gonadotrop in  (HCG) in  th e  mouse. The o v a ria n  and u te r in e  
w eights o f th o se  mice re c e iv in g  PMS o r HOG in  th e  even ing  were s ig ­
n i f ic a n t ly  g re a te r  a f t e r  24-hours th an  in  th o se  mice s im ila r ly  
t r e a te d  in  th e  m orning. They hypothesized t h a t  a d iu r n a l  rhythm 
o f th e  r e le a s e  o f ano ther p i tu i t a r y  f a c to r  o th e r  th a n  gonadotropins 
synerg ized  w ith  th e  exogenous PMS and HCG in  t h e  evening  to  stim u­
l a t e  th e  g r e a te r  resp o n se .
More r e c e n t ly  th e  concept o f p h y s io lo g ic a l  t im e , as  measured 
by d iu rn a l  rhythm s, has a tta in e d  g re a te r  s ig n i f ic a n c e  in  th e  l ig h t
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o f experim ents w ith  p ro la c t in .  These s tu d ie s  lu c id ly  dem onstra te  
t h a t  th e  tim e when p r o la c t in  i s  p re se n t i s  o f utm ost im portance
I.
in  de term in ing  th e  q u a l i ta t iv e  n a tu re  o f th e  resp o n se  t o  i t .  In 
th e  w h ite - th ro a te d  sparrow , p ro la c t in  in je c t io n s  a t  th e  m iddle of 
a 16-hour pho toperiod  induce a f a t te n in g  resp o n se  comparable to  
t h a t  observed in  f e r a l  b ird s  du ring  th e  m ig ra to ry  p e r io d . However, 
a su p p re ss io n  o f f a t  s to re s  r e s u l t s  when p r o l a c t in  i s  in je c te d  a t 
th e  beginning of th e  photoperiod (Meier and D av is , 1967). Sim i­
l a r l y ,  a d iu rn a l  rhythm of locomotor response  to  p r o la c t in  occurs 
in  th e  w h ite - th ro a te d  sparrow . P ro la c t in  tre a tm e n t a t  th e  m iddle 
o r  end o f th e  day in  A pril induces m ig ra to ry  a c t i v i t y ,  whereas 
p r o la c t in  given s h o r t ly  a f t e r  su n rise  i s  com p le te ly  in e f f e c t iv e  
(M eier, 1969)•
The rhythm ic in d u ctio n  o f th e se  two ev en ts  i s  o f s p e c ia l  
s ig n i f ic a n c e .  The tim e when p ro la c t in  induces f a t te n in g  and 
n o c tu rn a l m ig ra to ry  a c t iv i ty  (two even ts c h a r a c t e r i s t i c  o f th e  
s p r in g  m ig ra to ry  p e riod ) corresponds to  th e  tim e when p r o la c t in  
i s  re le a se d  endogenously from th e  p i tu i t a r y  o f  th e  w h ite - th ro a te d  
sparrow  in  May (sp rin g  m ig ra tio n ). Furtherm ore , d u rin g  th e  p o s t­
n u p t ia l  m olt in  August, th e  w h ite - th ro a te d  sparrow  i s  ve ry  lean  and 
shows no m ig ra to ry  a c t iv i t y .  At t h i s  tim e in  th e  annual cy c le  
endogenous p r o la c t in  i s  re le a se d  during  th e  l a s t  h a l f  o f  th e  n ig h t 
o r e a r ly  morning (Meier §£ a i . , 1969), th e  tim e  when p r o la c t in  
in je c t io n s  induced co n d itio n s s im ila r  t o  th o se  found d u rin g  th e  
p o s tn u p tia l  m o lt. They concluded th a t  th e  tim e  o f  th e  d iu rn a l  
r e le a s e  o f p r o la c t in  was an im portant f a c to r  in  th e  re g u la tio n
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o f th e  p h y s io lo g ic a l and b e h av io ra l even ts  in  th e  annual c y c le  o f 
th e  w h ite - th ro a ted  sparrow . These r e s u l t s  sup p o rt th e  concept 
t h a t  th e  tim e of re le a s e  o f hormones du rin g  th e  day p lays an 
in p o r ta n t  ro le  in  th e  r e g u la t io n  o f p h y s io lo g ic a l  c o n d itio n s .
In H alb erg 's  s tu d ie s  o f th e  n o c tu rn a l mouse, peak plasma 
le v e ls  o f c o r t ic o s te ro n e  occur c o n s is ta n t ly  s h o r t ly  befo re  th e  
beginning of th e  dark  p e rio d  o f  a 1 2 -hou r p h o to p erio d , o r 4 - 6  
hours p r io r  to  th e  peak o f locom otor a c t i v i t y .  T h is same phase 
r e la t io n s h ip  i s  m ain tained  a f t e r  r e v e r s a l  o f th e  photoperiod  
(Halberg e t  a l . ,  1958). In  th e  human, a p redom inantly  d iu rn a l  
an im al, peak plasma le v e ls  o f c o r t i s o l  occur about 6 - 8  o 'c lo c k  
in  th e  morning (Doe e t  a l ,  1954, I960; H alberg , H alberg, Barnum 
and B i t tn e r ,  1959). In  bo th  mice and humans t h i s  peak of plasm a 
a d re n o c o rtic a l hormone occurs when locom otor a c t iv i t y  in  u su a lly  
m inim al. Because c o r t ic o s te ro n e  c o n s is te n t ly  led  in  phase th e  
rhythm of locom otor a c t i v i t y ,  H alberg suggested  t h a t  d iu rn a l  
ad ren a l fu n c tio n  d id  no t c o n s t i tu te  "responses to  th e  s t r e s s e s  o f 
d a i ly  l i f e " ,  as was b e lie v e d , b u t r a th e r  t h a t  th e  ad rena l was a 
"pacemaker" capable o f phasing  th e  rhythms o f o th e r  p h y s io lo g ic a l 
phenomena (H alberg, H alberg, Barnum and B i t tn e r ,  1959; H alberg, 
P e terson  abd S i lb e r ,  1959).
A s im ila r  phase r e la t io n s h ip  between plasm a c o r t ic o s te ro n e  
and locomotor a c t iv i ty  does no t occur in  th e  w h ite - th ro a te d  sparrow  
w ith  re s p e c t to  e i th e r  th e  mdrning o r  a fte rn o o n  peaks o f a c t iv i t y  
(F igure 10). In stead  th e  r e la t io n s h ip s  a re  q u i te  v a r ie d . Because 
th e  plasma le v e ls  o f c o r t ic o s te ro n e  do no t n e c e s s a r i ly  r e f l e c t
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d ix e c t ly  th e  rhythm of ad renal s e c re t io n  (Saba, G. C. ,g£ , a l . , 1963; 
Saba, P. A. e t  a l . ,  1965) th e se  r e s u l t s  do not n e c e s s a r i ly  r e fu te  
th e  h y p o th es is  o f th e  a d re n a l 's  r o le  in  tim in g  locom otor a c t iv i t y .  
Inasmuch as a f a l l  in  plasma s te r o id  le v e ls  could  mean an in creased  
r a t e  o f u t i l i z a t i o n ,  th e  phase r e la t io n s h ip s  o f c o r t ic o s te ro n e  and 
locom otor a c t iv i t y  in  May and August may be o f s p e c ia l  i n t e r e s t .
The o n se t o f n o c tu rna l m ig ra to ry  a c t i v i t y  in  May and th e  o n se t o f 
morning a c t iv i t y  in  August occur a t  tim es when th e  d ecrease  of 
c o r t ic o s te ro n e  le v e ls  in  th e  plasma i s  g r e a te s t  (F igure  1 0 ) .
A s p e c i f ic  tim e r e la t io n s h ip  between c o r t ic o s te ro n e  and p ro ­
l a c t i n  w ith  re s p e c t  to  locomotor a c t iv i t y  may be hypo thesized .
In  May and August th e  d iu rn a l r e le a s e  of p r o la c t in  from th e  p i t u i ­
t a r y  (Meier e t  a l . , 1969) p recedes th e  peak o f locom otor a c t iv i ty  
and th e  tim e o f th e  most rap id  d ecrease  o f c o r t ic o s te ro n e  from th e  
plasma by approxim ately  s ix  hours (see F ig u re  1 0 ). C o n sid e ra tio n  
o f  a p o s s ib le  fu n c tio n a l in te g ra t io n  of c o r t ic o s te ro n e ,  p ro la c t in  
and locom otor a c t iv i ty  in  May and August r a i s e  s e v e ra l  p e r t in e n t  
q u e s tio n s . F i r s t ,  th e  hormonal r e la t io n s h ip  does no t c o r r e la te  
w ith  th e  second, le s s e r  d a ily  a c t i v i t y  peak p re s e n t  in  A p r i l ,  May 
and August in  th e  w h ite - th ro a ted  sparrow . T h e re fo re , a re  th e re  
two ty p es  o f a c t iv i t y  in  th e  w h ite - th ro a te d  sparrow , each d e te r ­
mined by s e p a ra te  re g u la to ry  mechanisms? Second, i s  th e  morning 
a c t iv i t y  peak du ring  p o s tn u p tia l  m olt (August) e n d o c r in o lo g ic a lly  
s im ila r  to  sp rin g  noc tu rna l m ig ra to ry  a c t i v i t y  bu t s h i f te d  1 2  
hours in  phase? T h ird , what i s  th e  fu n c t io n a l  r e la t io n s h ip  between
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c o r t ic o s te ro n e  and locom otor a c t i v i t y  in  February  and A pril?
These q u estio n s emphasize t h a t  th e  r o le  o f c o r t ic o s te ro n e  in  th e  
r e g u la tio n  of locom otor a c t iv i ty  i s  no t c le a r  and t h a t  th e  d a ta  
from th e  w h ite - th ro a te d  sparrow  do not o f f e r  a ready  e x p la n a tio n .
I t  i s  p o ss ib le  t h a t  c o r t ic o s te ro n e  does not have a re g u la to ry  
fu n c tio n  on locom otor a c t iv i t y ,  b u t r a th e r  p lay s  a perm issive  r o le .  
T his concept o f a perm issive  e f f e c t  by a hormone was f i r s t  p ro ­
posed by Ing le  (1952). A p e rm iss iv e  e f f e c t  by c o r t ic o s te ro n e  would 
a llow  th e  w h ite - th ro a ted  sparrow  t o  respond to  th e  s t im u lu s ( i)  
f o r  locom otor a c t iv i ty  (e .g . p r o la c t in )  bu t not be ab le  to  induce 
th e  response a lo n e . In  th e  w hite-crow ned sparrow , c o r tic o s te ro n e  
augmented p ro la c tin -in d u c e d  n o c tu rn a l m ig ra to ry  a c t i v i t y .  Alone, 
c o r t ic o s te ro n e  was in e f f e c t iv e  (M eier g t  ^ 1 . ,  1965). T hat a 
c e r ta in  le v e l o f c o rtic o s te ro n e  i s  re q u ire d  to  ''p erm it"  th e  in ­
d u c tio n  of locom otor a c t iv i ty  i s  shown in  a second experim ent. 
I n h ib it io n  of c o r tic o s te ro n e  sy n th e s is  w ith  m etapirone blocked 
th e  in d u c tiv e  e f f e c t  o f p r o la c t in  on locom otor a c t iv i t y .
E arly  experim ents in d ic a te  th e  need fo r  a t  l e a s t  perm issive  
amounts o f th e  ad renal s te ro id s  t o  m a in ta in  m uscular work o u tp u t. 
The spontaneous running a c t iv i t y  o f  r a t s  i s  reduced as much as 
90% fo llow ing  adrenalectom y (D u rran t, 1924; R ic h te r , 1936; and 
G r i f f i t h s ,  1949). Gans and Miley (1927) found th a t  th e  t o t a l  
work perform ed by th e  gastrocnem ius m uscle o f adrenalectom ized 
r a t s  was on ly  l / l 6  th a t  o f th e  i n t a c t  c o n tr o ls .  Complete muscle 
fa t ig u e  occurred  w ith in  10-60 m inutes in  th e s e  adrenalectom ized 
an im als, whereas c o n tra c tio n s  were su s ta in e d  fo r  8-26 hours in
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th e  c o n tro ls .  In  i n t a c t  dogs, in je c t io n s  o f a d re n o c o r tic a l ex­
t r a c t  increased  t h e i r  running  tim e and energy ou tpu t 90-100% over 
t h e i r  own normal base le v e ls  (Eagle e t  a l . , 1932). A mechanism 
to  m ain tain  su s ta in e d  m uscular a c t iv i ty  has obvious advantages 
in  a m igratory  b i r d .
In th e  mouse r e v e r s a l  o f a 12-hour pho toperiod  caused a 
180° phase s h i f t  in  th e  rhythm o f locom otor a c t i v i t y .  The phase 
s h i f t  was accompanied by a co rrespond ing  s h i f t  in  th e  rhythm of 
plasma c o r t ic o s te ro n e  (Halberg e £ , ,a l . ,  1958). In  th e  r a t  a 9-hour 
phase s h i f t  o f a 14-hour pho toperiod  s im ila r ly  s h i f te d  th e  rhythm 
o f c o r tic o s te ro n e  in  th e  plasm a and th e  a d re n a l by nine hours 
(C ritch low , 1963)• S im ila r  experim ents have not been done in  th e  
w h ite - th ro a ted  sparrow .
The seaso n a l changes o f th e  d iu rn a l  rhythm  of plasma c o r t i ­
costerone  however, do not appear to  be coupled d i r e c t l y  t o  th e  
pho toperiod . From F ebruary  9 t o  May 15 th e  d a i ly  photoperiod  
in c re ases  from 11 t o  13-I- h o u rs . During t h i s  tim e th e  phase o f 
th e  d iu rn a l rhythm  of plasm a c o r t ic o s te ro n e  undergoes a 1 2 -hour 
phase s h i f t .  In a d d it io n ,  th e  d if fe re n c e  in  th e  len g th  o f th e  
photoperiod in  May and August i s  only  15 m in u tes , bu t th e  r e ­
sponse su rfa ce  o f th e  c o r t ic o s te ro n e  le v e ls  a t  each of th e se  
seasons i s  ve ry  d i f f e r e n t .  S im ila r ly , a lthough  in c re a s in g  photo­
p e rio d s  may s t im u la te  d iu rn a l  s h i f t s  in  locom otor a c t iv i ty  
(Wolfson, 1959)» th e  se a so n a l changes a re  not d i r e c t l y  r e l a te d .
S h if tin g  d iu r n a l  rhythms o f c o r t ic o s te ro n e  a re  im portan t to  
th e  in v e s t ig a to r .  The dim ension o f tim e i s  an experim en tal
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v a r ia b le  which can have a s ig n i f ic a n t  in p ac t on th e  in te rp re ta t io n  
of experim en ta l r e s u l t s .  However, i t s  s ig n if ic a n c e  has been 
la rg e ly  overlooked , i t  i s  e v id e n t t h a t  i f  th e  comparison of 
experim en tal r e s u l t s  i s  t o  be v a l id ,  i t  i s  im p era tiv e  to  a sc e r ta in  
th e  exac t tem poral c o n d itio n s  under which th e  d a ta  were o b ta in ed .
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TABLE I .
D iurnal and S easonal Levels o f Plasma C o rtic o s te ro n e  in  th e  
W h ite -th ro a ted  Sparrow.




























2 .92  4- .73" 4 .55  + .80 7.01 + .67 5 • 49 i  . 80
A pril 5 (P re n u p tia l  M olt)•
0545 Hours 1145 Hours 1Z4£> H&UC&
2.45 2.48 1.61
4 .13 2 . 2 1 3.01
3 .57 3 .2 2 4 .0 2
3 .68 4.10 1.26
3 .64 3.25 2 .52
3.78 3 .32 4 .55
3 .43 5.25 3.60
5 .3 2 2 . 6 6
5.71










TABLE I .  (Continued),
D iurnal and Seasonal Levels of Plasma C o rtic o s te ro n e  in  th e  
W h ite -th ro a ted  Sparrow,
.5 and 15 (S pring M iq ra tio n ).
0515 Hours 1115 Hours 1715 Hours 2315 Hours
0 .70 3.01 1 .57 0 .1 7
1.50 7.00 2.80 0 .17
1.40 4.90 0 . 8 8 2 .52
2.31 2.17 0 .60 3 .43
1 .33 2.55 7.35 2.41
6.30 2.27 3 .88 2.91
7 .66 .2 .7 3 2 . 6 6 3.25
2.45 2 . 0 0 2.13
2.31 3.74 2.87
8 . 1 2 3 .36
2 .83 5 .77
4 .20
5 .0 4
3 .55  + .49 3.37 + .59 3 .07  + .53 2 . 1 2  * ,
Auaus.t 1  (Ros.tnijpij.aLl M olt).
0530 Hours* 1130 Hours 1730, Hou^s 2330 Hours
2 .0 6 2 2.59 1.33 2.06
2 .87 3 .32 1.75 2.06
2 .97 3.15 2 . 6 6 3.71
3 .60 1.29 2 .45 4 .06
3 .40 2.24 1 .57 4.06
3 .4 3 1.29 2 .24 2.45
7 .53 0.87 2 .69 2 .69
3 .6 9  + . 6 7 2.10 ;+ .67 2 .09  + .67 3.01  £  ,
1, A ll Times a re  C e n tra l S tandard Time.
2 , ng% Plasma C o rtic o s te ro n e ,
3 , Mean + S tandard  E rro r ,
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TABLE I I .
E ffe c ts  o f E s tr a d io l  Benzoate on T o ta l Plasma L ip id s  and Plasma 
F luorescence  In te n s i ty  in  th e  W hite-th roated  Sparrow and th e  P igeon.
F lu o rescen ce  I n te n s i ty  
Plasma L ip ids (mg%) (ug% " co rtico s te ro n e* ')
C on tro l Estradiol"*" C on tro l E s tr a d io l
W hite-th roated 466 608 2 .8 3 .4
Sparrow 468 533 2 .2 2 .3
597 498 2 .8 2.1
698 587 2 .7 2 .5
453 6 9 0 2 .4
536 * 452  583 ± 29 276 + .2 2 3  £  .2
Pigeon 1148 3776 1 . 8 7 .4
1280 4454 2 . 0 7 .6
1064 3672 1 . 8 8 . 6
1 2 2 2 4122 8 . 6
1176 ±  46 4006 £  178#* 179 £  . 1 8 l 0  £  .3-3
1 . Pigeons -  2 ug/gram body w eigh t; W hite -th roa ted  Sparrows -
1  ug/gram body w eigh t.
2 . A ll r e s u l t s  expressed as mean + standard  e r r o r .
** S ig n if ic a n t  a t p <.001 compared to  c o n tro l .
TABLE I I I .
Seasonal V a ria tio n s  in  Body W eight, L ip id  Index, Gonadal Weights and N octurnal Locomotor 
A c tiv ity  in  W hite-th roated  Sparrows M aintained in  Outdoor A v ia rie s .
Body Weight L ip id  Index P aired  Ovary Oviduct
(grams) {% Dry Weight) T es te s  (mg) (mg) (mg)
February 9, 1968
(W inter) 26 .4  19.0 2 .0  8 .0  3 .0
A p ril 5 , 1 9 6 8
(P re n u p tia l Molt) 24.8 17.5 2 .6  12.5 4 .1
May 15, 1968
(Spring M igration) 30.5 53 .4  46.0  23 .8  10.7
August 7 , 1 9 6 8
(P o s tn u p tia l Molt) 26 .2  15.7  3 .0  1 1 . 0  7 . 0





Analysis of variance and orthogonal comparison of plasma levels of
co rticosterone a t four times of the  day on February 9 (winter) in
th e  w hite-throated sparrow.
A nalysis o f V ariance
Source d f SS MS
Hours a f te r  
s u n r is e
3 1 0 0 . 0 33.3
E rro r i 2 82.3 4 .3
T o ta l 2 2 132.3
P a r t i t i o n  o f tim e o f  day SS by use of o rthogonal com parisons.
Hours a f t e r  su n rise  
and ug% c o r tic o s te ro n e
E ffe c t 0







Q Kr SS F
L inear -3 - 1 - 1 -3 56 .0 20(5 .7) 18.4 4 .27
Q uadratic - 1 - 1 - 1 - 1 26 .9 4 (5 .7 ) 31 .4 7 .30*
Cubic - 1 -3 -3 - 1 6 9 . 0 20(5 .7 ) 41 .3 9162**
T o ta l 91.1
*  p <.05
** p < . 0 1
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TABLE V.
Analysis of variance and orthogonal comparison of plasma levels of
corticosterone a t four times o f th e  day on A pril 5 (prenuptial molt)
in  the  w hite-throated sparrow.
A nalysis o f V ariance
Source
4
d f SS MS
Hours a f te r  
su n rise
3 13.0 4 .3
E rro r 26 2 0 . 1 0 . 8
T o ta l 29 33.1
P a r t i t io n  of tim e o f day SS by use o f o rthogonal com parisons.
Hours a f t e r  s u n r is e  
and ug% c o r t ic o s te ro n e








L inear -3 - 1 -3 - 1 16.3 20(7 .5) 2 .3 2.94
Q uadratic - 1 - 1 - 1 - 1 10 .9 4 (7 .5 ) 4 .0 5 .20*
Cubic - 1 -3 -3 - 1 28.6 20(7 .5) I t ! 9.23**
T o ta l 13.4
* p < .05
** p < . 0 1
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TABLE VI.
Analysis of variance and orthogonal comparison of plasma levels of
corticosterone a t four times of the  day on May 5 and 15 (spring
migration) in  the w hite-throated  sparrow.
A nalysis o f v a rian ce
Source d f SS MS
Hours a f t e r  
su n rise 3 49 .8 16.6
E rro r 36 108.3 3.0
T o ta l 39 158.1
P a r t i t i o n  of tim e of day SS by use o f  o rthogonal com parisons.
E ffe c t
Hours a f t e r  s u n r is e  
and ug$ c o r t ic o s te ro n e







2 . 1 2
L inear -3 - 1 - 1 -3 90.5 2 0 (1 0 ) 40 .9 13.6**
Q uadratic - 1 - 1 - 1 - 1 1 0 . 1 4(10) 2.61 0 .9
Cubic - 1 -3 -3 - 1 41.0 2 0 (1 0 ) 8.40 2 . 8
T o ta l 51 .9
** p < .01
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TABLE VII.
Analysis of variance and orthogonal comparison of plasma lev e ls  of
corticosterone a t four tim es of the day on August 7 (postnuptial
molt) in  the w hite-throated  sparrow.
A nalysis  o f v a ria n ce
Source d f SS MS '
Hours a f t e r  
s u n r is e 3 1 2 . 6 4 .2
E rro r 2A 21m1 1.3
T o ta l 27 4 3 .7
P a r t i t io n  of tim e of day SS by use o f o rthogonal com parisons.
Hours a f t e r  s u n r is e  
and ug% c o r t ic o s te ro n e
Q Kr SS FE ffe c t 0
3 .6 9
6





L inear -3 - 1 - 1 -3 14.4 20(7) 1.5 1.14
Q uadratic - 1 - 1 - 1 - 1 17.5 4(7) 10.9 8.40**
Cubic - 1 -3 -3 - 1 4 .6 20(7) 0 . 2 0 . 1 1
T o ta l 1 2 . 6
** p <.01
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TABLE V II I .
L east-S quares A nalysis o f V ariance : D iurnal and Seasonal L evels of
Plasma C o rtic o s te ro n e  in  th e  W hite-th roated  Sparrow .
Source d . f . SS MS F
Year 3 75.28 25.10 7.86**
L inear 1 64.80 64.80 20.30**
Q uadratic 1 9.37 9.37 2.93
Cubic 1 1 . 1 1 1 . 1 1 0 .3 5
Day 3 2 . 2 1 0 .74 0 .2 3
Year x Day 9 82.53 9.17 2.87**
E rro r 105 335.09 3.19
T o ta l I 1 2 0  1981.72
** p < . 0 1
Figure 1.
C o rtic o s te ro n e  s tan d ard  curve* The l in e  was f i t t e d  by 
s i g h t .  RFI i s  th e  r e l a t i v e  fluo rescence  i n t e n s i t y .  The 
s ta n d a rd s  were prepared  from c ry s ta l l in e  c o r t ic o s te ro n e  
(N u tr i t io n a l  B iochem icals C o rp o ra tio n ).
05 10 15 20
ug% C o r t i c o s t e r o n e  S t a n d a r d
Figure 2.
Temporal f lu o rescen ce  p a t te r n  o f a 2 ug% c o r t ic o s te ro n e  
s tan d ard  and plasma from th e  w h ite - th ro a te d  sparrow , pigeon 
and chicken re c e iv in g  v a rio u s  tr e a tm e n ts .  The numbers in  
p a ren th eses  a re  th e  number o f  b ird s  in  each group. RFI i s  
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Body l ip id  s to r e s  du ring  th e  annual cyc le  of th e  w h ite -  
th ro a te d  sparrow  in  Baton Rouge, L o u is ian a . The values 
o f b ird s  which were k i l l e d  im m ediately fo llow ing  cap tu re  
( f e r a l  biaxis) a re  g iven  as in d iv id u a l d a ta .  Mean va lues 
a re  p rov ided  fo r  groups o f b ird s  (10-25) which were held  


















Averages of aviary birds 












y f r i r r f i v




D iurnal rhythm of plasma c o r t ic o s te ro n e  on February  9 
in  w in te rin g  w h ite -th ro a ted  sparrow s. The v a lu es  are  
expressed  as th e  mean £  th e  stan d ard  e r r o r  (SE). The 





ug% Plasma Cort icos terone
Figure 5.
D iurnal rhythm o f plasma c o r t ic o s te ro n e  on A p ril 5 du ring  
th e  p re n u p tia l  m olt o f th e  w h ite - th ro a te d  sparrow . The 
values a re  expressed  as th e  mean £  th e  s tan d ard  e r r o r  (SE). 











D iu rna l rhythm  of plasma c o r t ic o s te ro n e  on May 5 and 15 
in  th e  w h ite - th ro a te d  sparrows in  th e  sp rin g  m igra to ry  
c o n d it io n . The v a lu es a re  expressed  as th e  mean ±  th e  
s tan d ard  e r r o r  (SE). The n a tu ra l  pho toperiod  i s  in d ic a te d  
on th e  a b s c is s a .
ug% Plasma C o r t i c o s t e r o n e
Figure 7.
D iurnal rhythm of plasma c o r t ic o s te ro n e  on August 7 du ring  
th e  p o s tn u p tia l  m olt of th e  w h ite - th ro a te d  sparrow . The 
va lues a re  expressed as th e  mean ±  th e  s ta n d a rd  e r r o r  (SE). 
The n a tu ra l  pho toperiod  i s  in d ic a te d  on th e  a b s c is s a .
ug% Plasma C o r t i c o s t e r o n e
K3 CO ^  Ln
Figure 8.
Phase r e la t io n s h ip s  o f th e  d iu rn a l  rhythms o f plasma 
c o r tic o s te ro n e  a t  fou r tim es du ring  th e  annual cy c le  o f 
th e  w h ite - th ro a ted  sparrow . February  9 -  w in te r ; A pril 
5 -  p re n u p tia l  m olt; May 5 and 15 -  sp r in g  m ig ra tio n ; 
August 7 -  p o s tn u p tia l  m o lt. Only th e  mean v a lu es  o f 
plasm a c o rtic o s te ro n e  a t  th e  d i f f e r e n t  tim es o f day a re  
g iv en . The n a tu ra l  pho toperiods a t  th e  d i f f e r e n t  tim es 
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Figure 9.
Seasonal le v e ls  o f  plasma c o r t ic o s te ro n e  in  th e  w h ite - 
th ro a te d  sparrow . The v a lu es were ob ta ined  by averaging 
th e  mean c o n c e n tra tio n  of c o r t ic o s te ro n e  a t  each of th e  










ug% P l a s m a  C o r t i c o s t e r o n e
N>
Figure 10.
The phase r e la t io n s h ip s  o f th e  d iu rn a l  rhythm s o f plasma 
c o r t ic o s te ro n e  (ACH), locom otor a c t iv i t y  (L .A .) and p i t u i ­
t a r y  p r o la c t in  (P) a t  fo u r tim es du ring  th e  annual cycle  
o f th e  w h ite - th ro a ted  sparrow . The a c t i v i t y  index i s  th e  
mean number o f 2 minute in te r v a ls  p e r hour w ith  3 o r more 
hops. Locomotor a c t iv i ty  in  February  i s  th e  mean o f 8 
b ird s  fo r  5 n ig h ts ;  in  A p r i l ,  4 b ird s  fo r  5 n ig h ts ;  in  May, 
3 b ird s  fo r  5 n ig h ts ;  and in  August, 6 b i rd s  f o r  6 n ig h ts . 
P i tu i ta r y  p r o la c t in  rhythms from M eier, Bqrns and Dusseau, 
1969. P i tu i ta r y  p ro la c t in  i s  expressed  as th e  microgram 
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The tem poral o ccu rrence  o f th e  even ts in  th e  annual cycle  
o f w h ite -th ro a ted  sparrow s m ain tained  in  outdoor a v ia r ie s  is  
s im ila r  to  t h a t  o f f e r a l  b i r d s .  P re n u p tia l and p o s tn u p tia l  m o lt, 
sp rin g  m igra to ry  f a t te n in g  and gonadal recrudescence  occur among 
av ia ry  b ird s  a t  th e  same tim e th a t  th e y  occur among f e r a l  popu­
la t io n s .  The o n se t o f n o c tu rn a l m ig ra to ry  a c t iv i t y ,  however, i s  
delayed 2-3 weeks. T h is a c t i v i t y  in  caged b ird s  p e r s i s t s  th rough­
out th e  sp rin g  and summer.
Plasma le v e ls  o f  c o r t ic o s te ro n e  in  th e  w h ite -th ro a ted  sparrow  
were measured f lu o ro m e tr ic a l ly  a t  fo u r tim es o f th e  day on February 
9 (w in te r) , A p ril 5 (p re n u p tia l  m o lt) , May 5 and 15 (sp ring  mi­
g ra tio n )  and August 7 (p o s tn u p tia l  m o lt) . A d iu rn a l  rhythm of 
plasma c o r tic o s te ro n e  le v e ls  occurs a t  each tim e of y e a r. More­
o v er, th e  phase of th e  rhythm  w ith  r e s p e c t  to  th e  photoperiod i s  
d i f f e r e n t  a t  each of th e  fo u r  se aso n s . That i s ,  each d iu rn a l 
rhythm is  a sso c ia ted  w ith  a p a r t i c u l a r  p h y s io lo g ic a l con d itio n  
in  th e  annual cycle  o f  th e  w h ite - th ro a te d  sparrow .
A seasona l v a r i a t io n  in  th e  ab so lu te  le v e ls  of plasma c o r t i ­
costerone  a lso  o c cu rs . C o rtic o s te ro n e  le v e ls  are  h ig h es t in  w in te r . 
They decrease  l in e a r ly  d u rin g  th e  p re n u p tia l  m o lt, sp ring  m ig ra tio n , 
and p o s tn u p tia l  m o lt.
62
L ite ra tu re  C ited
A.O.U. C h e c k - lis t  o f  North American B ird s , The. 1957. 5 th
E d it io n . American O rn ith o lo g is ts ' Union, P o rt C ity  P re s s , 
I n c . ,  B a ltim ore .
Assenmacher, I .  and J .  B o iss in . 1968. C ircannual and c irc a d ia n  
rhythms o f a d re n o c o r tic a l fu n c tio n  in  b i r d s .  Symposium on 
Comparative E ndocrinology. Banaras Hindu U n iv e rs ity . 
V a ran a s i-5 , In d ia .
Boehlke, K. W., R. L. Church, 0 . W. T iem eier, and B. E. E le f th e r io u . 
1966. D iurnal rhythm ^n plasma g lu c o c o r tic o id  le v e ls  in  
channel c a t f i s h  ( I c ta la ru s  p u n c ta tu s ) .  G eneral and Compara­
t iv e  E ndocrinology, 7 : 18-21.
B urger, J .  W. 1938. C yclic  changes in  th e  th y ro id  and ad rena l 
c o rte x  o f th e  male s t a r l in g  and t h e i r  r e l a t i o n  to  th e  
sex u a l c y c le . American N a tu ra l is t ,  72s 562-570.
Chamber, W. F . ,  S. L. Freedman, and C. H. Sawyer. 1963. The 
e f f e c t  o f a d ren a l s te ro id s  on evoked r e t i c u l a r  re sp o n se s . 
E xperim ental Neurology, 8s 458-469.
C h r is t ia n ,  J .  J .  1962. Seasonal Changes in  th e  ad ren a l g lands 
o f Woodchucks (Marmota monax) . E ndocrinology, 71s 431-447.
C ritch lo w , V. 1963. The ro le  o f l ig h t  in  th e  neuroendocrine
system . 377-402. JCns Nalbandov, A. V. ( e d .) .  Advances in  
N euroendocrinology, U n iv e rs ity  o f I l l i n o i s  P re s s ,  Urbana.
C ritch lo w , V ., H. S . Lipscomb, R. A. L ie b e l t ,  M. E lw ers, and 
W. E. M oun tcastle . 1961. Sexual d if fe re n c e s  in  th e  24 
hour rhythm o f p i tu i ta ry - a d re n a l  fu n c tio n  in  r a t s .  Endo­
c r in e  S o c ie ty  A b s tra c ts , 8.
de Roos, R. 1960. In  v i t r o  p roduction  of c o r t ic o id s  by ch icken  
a d re n a ls . E ndocrinology, 67s 719-721.
de Roos, R. 1961. The c o r t ic o id s  o f th e  av ian  a d ren a l gland 
G eneral and Comparative Endocrinology, Is 494-512.
Doe, R. P .,  E. B. F l in k , and M. G. F l i n t .  1954. C o rre la tio n  
o f  d iu rn a l  v a r ia t io n s  in  e o s in o p h ils  and 1 7 -h y d ro x y co rti-  
c o s te ro id s  in  plasm a and u r in e . Jo u rn a l o f C l in ic a l  Endo­
c rin o lo g y  and M etabolism, 14s 774-775.
63
64
Doe, R. P . ,  J .  A. Vennes, and E. B. F l in k . 1960. D iurnal
v a r ia t io n  of 1 7 -h y d ro x y c o rtic o s te ro id s , sodium , po tassium , 
magnesium and c re a t in in e  in  normal s u b je c ts  and in  cases o f 
t r e a te d  ad ren a l in s u f f ic ie n c y  and C u sh in g 's  syndrome. Jo u r­
n a l of C l in ic a l  Endocrinology and M etabolism , 20: 253-265.
D u rran t, E. P. 1924. S tu d ies  on V igor: 1 . E ffe c t o f ad rena l
e x t i r p a t io n  on a c t iv i t y  o f th e  a lb in o  r a t .  American 
Jo u rn a l o f Physio logy , 70s 344-350.
E agle, E . ,  S. IV. B r itto n  and R. K lin e . 1932. The in flu e n ce  of 
c o r t ic o -a d re n a l  e x tr a c t  on energy o u tp u t. American Jo u rn a l 
o f Physiology, 102: 707-713.
Entenman, C ., F . W. Lorenz, and I .  L. C h a ik o ff. 1940. The
endocrine c o n tro l o f l ip id  m etabolism  in  th e  b i rd .  I l l ,
The e f f e c ts  o f c r y s ta l l in e  sex hormones on th e  blood l ip id s  
o f th e  b i rd .  Jou rna l o f B io lo g ic a l C hem istry , 134: 495-504.
E y s te r , M. B. 1954. Q u a n tita tiv e  measurement o f th e  in flu e n ce  o f 
pho to p erio d , tem p era tu re , and season  on th e  a c t i v i t y  of 
c a p tiv e  so n g b ird s . E co lo g ica l Monographs, 24: 1 -28 .
F a rn e r , D .S ., B. K. F o l l e t t ,  J .  R. King, and M. L. M orton. 1966.
A q u a n ti ta t iv e  exam ination of o v a ria n  growth in  th e  w h ite -  
crowned sparrow . B io lo g ic a l B u l le t in ,  130: 67-75.
Feldman, S . ,  J .  C. T odt, and R. W. P o r te r .  1961. E ffe c t  o f
a d re n o c o r tic a l hormones on evoked p o te n t ia l s  in  th e  b ra in  
stem . Neurology, 11: 109-115.
Frank, G. S . ,  F . H alberg, R. H arner, J .  Matthews, E. Johnson,
H. Gravem, and V. Andrus. 1966. C ircad ian  p e r io d ic i ty ,  
ad ren a l c o r t ic o s te r o id s ,  and th e  EEG o f normal man. Jo u r­
n a l o f P sy c h ia tr ic  R esearch , 4 : 73-86.
F ra n k e l, A. I . ,  B. Cook, J .  W. G raber, and A. V. Nalbandov. 1967. 
D eterm ination  of c o r t ic o s te ro n e  in  plasm a by f lu o ro m e tric  
te c h n iq u e s . E ndocrinology, 80: 181-194.
Fromme-Bouman, H. 1962. Ja h re sp e r io d isc h  untersuchungen and
d e r  N ebennierenrinde d e r Amsel (Turdus m erula L . ) .  V ogelw arte, 
21: 188- 198.
G a lic ic h , J .  H ., F . H alberg, and L. A. F rench . 1963. C ircad ian  
ad ren a l cy c le  in  C mice kep t w ithou t food and w ater fo r  a 
day and a h a l f .  N ature, 197: 811-813.
Gans, H.N. and H. H. M iley. 1927. S tu d ies  on V igor: IX.
Ergographic s tu d ie s  on adrenalectom ized  an im als. American 
Jou rna l o f Physiology, 82: 1 -6 .
65
G r i f f i t h s ,  W. J . , J r . ,  1949. E f fe c t  o f adrenalectom y on incidence  
of audiogenic s e iz u re s  among dom estic and w ild r a t s .  Jour­
nal o f Comparative and P h y s io lo g ic a l Psychology, 42s 303-312.
G uillem in , R ., G. W. C lay ton , H. S . Lipscomb, and J .  D. Smith.
1959. F luorom etric  measurement o f r a t  plasma and adrenal 
c o r t ic o s te ro n e  c o n c e n tra tio n . Jo u rn a l o f L abora to ry  and 
C l in ic a l  M edicine, 53s 830-832.
G uillem in , R ., W. E. D ear, and R. A. L ie b e l t .  1959. Nycthemeral 
v a r ia t io n  in  plasma f r e e  c o r t ic o s te ro id  le v e ls  o f th e  r a t .  
Proceedings o f th e  S o c ie ty  of E xperim ental B iology and 
M edicine, 101s 394-395.
H alberg , F . ,  C. P. Barnum, R. H. S i lb e r ,  and J .  J .  B i t tn e r .
1958. 24-Hour rhythms a t  s e v e ra l  le v e ls  o f in te g ra t io n  
in  mice on d i f f e r e n t  l ig h t in g  reg im ens. Proceedings of 
th e  S ocie ty  of Experim ental B iology and M edicine, 97s 
897-900.
H alberg , F . ,  J .  H. G a lic ic h , F . Ungar, and L. A. F rench . 1965. 
C ircad ian  rhythm ic p i t u i t a r y  a d re n o c o r tic o tro p ic  a c t iv i t y ,  
r e c t a l  tem p era tu re , and p in n a l m ito s is  o f s ta rv in g ,  dehy­
d ra te d  C m ice. Proceedings o f th e  S o c ie ty  fo r  Experim ental 
B iology and M edicine, 118s 414-419.
H alberg , F . ,  E. H alberg, C. P. Barnum, and J .  J .  B i t tn e r .  1959. 
P hysio log ic  24-hour p e r io d ic i ty  in  human beings and m ice, 
th e  l ig h t in g  regim en and d a i ly  ro u t in e .  803-878. In :
Withrow, R. B. ( e d .) .  Photoperiodism  and R ela ted  Phenomena 
in  P la n ts  and Anim als, AAAS, No. 55 , W ashington, D. C.
■ H alberg, F . ,  R. E. P e te rso n , and R. H. S i lb e r .  1959. Phase
r e la t io n s  o f 24-hour p e r io d i c i t i e s  in  blood c o r t ic o s te ro n e , 
m ito s is  in  c o r t i c a l  a d re n a l parenchyma, and t o t a l  body 
a c t iv i t y .  E ndocrinology, 64: 222-230.
Hane, S. and 0 . H. R obertson. 1959. Changes in  plasma 17-hydroxy- 
c o r t ic o s te ro id s  accompanying sex u a l m a tu ra tio n  and spawning 
o f th e  P a c if ic  salmon (Oncorhvnchus tsh aw v tsc^a) and rainbow 
t r o u t  (Salmo q a i r d n e r i i ) . P roceedings o f th e  N ational Academy 
o f S c ien ces , 45s 886-893.
Harwood, C. T. and J .  W. Mason. 1956. E f fe c ts  o f in travenous 
in fu s io n s  o f autonomic ag en ts  on p e r ip h e ra l  blood 17- 
h y d ro x y co rtico s te ro id  le v e ls  in  th e  dog. American Jo u rn a l 
o f  Physio logy, 186s 445-452.
Haus, E. 1964. P e r io d ic ity  in  response  and s u s c e p t ib i l i t y  to
environm ental s t im u l i .  Annals New York Academy o f S c iences , 
117s 292-319.
66
Henkin, R. I . ,  A. G, T . C asper, R. Brown, A. B. H arlan, and F . C. 
B a r t te r .  1968. P resence o f c o r t ic o s te ro n e  and c o r t i s o l  in  
th e  c e n t r a l  and p e r ip h e ra l  nervous system  of th e  c a t .  Endo­
c rin o lo g y , 82: 1058-1061.
Henry, R. J .  1964. The p re p a ra tio n  of p r o te in - f r e e  f i l t r a t e s .  
160-172. In : C l in ic a l  C hem istry: P r in c ip le s  and T echn ics, 
Harper and Row, New York.
Hohn, E. 0 . 1947. Sexual behav io r and seaso n a l changes in  th e
gonads and a d re n a ls  o f th e  M allard . Proceedings o f th e  
Z oo log ica l S o c ie ty  o f London, 117: 281-304.
Hohn, E. 0 . ,  A. K. S a rk a r, and A. Dzubin. 1965. Adrenal weight 
changes in  w ild m alla rd  and dom estic ducks and seasonal 
ad renal w eight changes in  th e  m a lla rd . Canadian Jo u rn a l 
of Zoology, 43: 475-487.
In g le , D. J .  1952. Role o f ad ren a l c o rte x  in  hom eostasis.
Jou rna l o f E ndocrino logy , 8: XXIII-XXXVII.
John, T. M. 1966. A h is to ch em ica l study  o f ad ren a l c o r t ic o id s  
in  th e  p re  and p o s t-m ig ra to ry  phases in  th e  m igra to ry  
W agtails M o ta c illa  a lb a  and M o tac illa  f la v a . Pavo, 4 : 9-14.
K itay , J .  I .  1963. E f fe c ts  o f  e s t r a d io l  on p i tu i ta r y - a d re n a l
fu n c tio n  in  male and fem ale r a t s .  E ndocrinology, 72: 947-954.
K itay , J .  I . ,  M. D. Coyne, R. Nelson, and W. Newsom. 1966.
R e la tio n  o f th e  t e s t e s  to  ad rena l enzyme a c t iv i t y  and 
ad renal c o r t ic o s te ro n e  p ro d u c tio n  in  th e  r a t .  Endocrin­
o logy , 78: 1061-1066.
K rieger, D. T . and H. P. K rieg e r. 1967. C ircad ian  p a tte rn s  of
plasma 1 7 -h y d ro x y c o rtic o s te ro id : a l t e r a t io n  by a n tic h o lin e rg ic  
a g en ts . S c ien ce , 155: 1421-1422.
Lamond, D. R. and A. W. H. B raden. 1959. D iurnal v a r ia t io n  in  
response to  gonado trop in  in  th e  mouse. Endocrinology, 64: 
921-936.
Lorenzen, L. C. and D. S. F a rn e r . 1964. An annual cycle  in  th e  
in te r r e n a l  t i s s u e  o f th e  ad ren a l gland o f th e  White-crowned 
Sparrow, Z o n o tr ich ia  leucophrvs g a m b e lii. G eneral and Com­
p a ra tiv e  E ndocrino logy , 4 : 253-263.
Lowery, G. H. J r .  1955. L ou isiana  B ird s . L ou isiana  S ta te  Univer­
s i t y  P re ss , Baton Rouge.
67
McCarthy, J .  L . ,  R. C. C o rley , and N. X. Zarrow. i960 . D iurnal 
rhythm in  plasma c o r t ic o s te ro n e  and lack  o f d iu rn a l  rhythm 
in  plasm a compound F - l ik e  m a te r ia l  in  th e  r a t .  P roceedings 
o f th e  S o c ie ty  fo r  E xperim ental Biology and M edicine, 104: 
787-789.
M eier, A. H. 1969. D iu rn a l v a r ia t io n s  o f m etabolic  resp o n ses 
to  p r o la c t in  in  lower v e r te b r a te s .  F i f th  In te rn a tio n a l  
Symposium on Comparative E ndocrinology, D e lh i. Gen. and 
Comp. E ndocrino l. Supp ., 2: 55-62.
M eier, A. H ., J .  T . B urns, and J .  W. Dusseau. 1969. S easonal 
v a r ia t io n s  in  th e  d iu rn a l  rhythm of p i tu i t a r y  p r o la c t in  
c o n te n t in  th e  w h ite - th ro a te d  Sparrow, Z ono trich ia  a l b i c o l l i s . 
G eneral and Com parative Endocrinology, 12: 282-289.
M eier, A. H. and K. B. D av is. 1967. D iu rnal v a r ia t io n s  of th e  
f a t te n in g  response  t o  p r o la c t in  in  th e  W hite-th roated  
Sparrow, Z o n o tr ich ia  a l b i c o l l i s . G eneral and Com parative 
E ndocrino logy , 8: 110-114.
M eier, A. H ., D. S. F a rn e r , and J .  R. King. 1965. A p o s s ib le  
endocrine  b a s is  fo r  m ig ra to ry  behavior in  th e  W hite- 
crowned Sparrow, Z o n o tr ic h ia  leucophrvs qam b e lii. Animal 
B ehav io r, 13: 453-465.
Migeon, C. J . ,  A. B. F rench , L. T . Sam uels, and J .  Z. Bowers.
1955. Plasma 1 7 -h y d ro x y co rtico s te ro id  le v e ls  and leu co cy te  
v a lu e s  in  th e  Phesus Monkey, inc lu d in g  normal v a r ia t io n  
and th e  e f f e c t  o f  ACTH. American Jo u rn a l o f Physiology,
182: 462-468.
Nagra, C. L . ,  G. J .  Baum, and R. K. Meyer. I960 . C o rtic o s te ro n e  
le v e ls  in  ad ren a l e f f lu e n t  blood o f some g a llin ac eo u s  b i r d s .  
P roceedings o f th e  S o c ie ty  of E xperim ental Biology and 
M edicine, 105: 68-70.
Nagra, C. L . , J .  G. B irn ie ,  G. J .  Baum, and R. K. Meyer. 1963.
The r o le  o f th e  p i t u i t a r y  in  re g u la tin g  s te ro id  s e c r e t io n  
by th e  av ian  a d re n a l. G eneral and Comparative E ndocrinology,
3 : 274-280.
N eal, B. J .  1965. Seasonal changes in  body w eigh ts , f a t  d e p o s i t io n s ,  
a d ren a l g lands and tem p era tu re s  o f C i te l lu s  te re tic a n d u s  and 
C i te l lu s  h a r r i s i i  (R o d en tia ). Southw estern N a tu ra l is t ,  10: 
156-166.
Ojemann, G. A. and R. I .  H enkin. 1967. S te ro id  dependent changes 
in  human v is u a l  evoked p o te n t i a l s .  L ife  Science, 6: 327-334.
68
P in c u s , G. 1943. A d iu rn a l  rhythm in  th e  e x c re tio n  o f  u r in a ry  
ice to s te ro id s  by young men. Journal o f C l in ic a l  Endo­
c rin o lo g y , 3: 195-199.
R a i t t ,  R. J .  1968. Annual cycle  o f ad renal and th y ro id  g lands
in  Gambel Quail o f so u th e rn  New Mexico. Condor, 70s 366-372.
Resko, J .  A ., H. W. N orton , and A. V. Nalbandov. 1964. Endocrine 
c o n tro l  o f th e  a d re n a l in  ch ickens . E ndocrino logy , 75: 192-
200.
R e tie n e , K ., E. Zimmerman, W. J .  S c h in d le r, J .  Neuenschwander, 
and H. S. Lipscomb. 1968. A c o r r e la t iv e  s tu d y  o f endo­
c r in e  rhythms in  r a t s .  Acta E ndocrino log ica , 57s 615-622.
R ic h te r ,  C. P. 1936. The spontaneous a c t iv i ty  o f a d re n a le c -  
tom ized r a t s  t r e a te d  w ith  replacem ent and o th e r  th e ra p y . 
E ndocrinology, 20: 657-666.
R id d le , 0 . and T . Senum. 1939. On th e  mechanism and hormones 
concerned in  in c re a se  of blood f a t  in  b i r d s .  A natom ical 
R ecord, 75: 58.
R obertson , 0 . H ., M. A. Drupp, C. B. Favour, S. Hane, and S. F . 
Thomas. 1961. P h y s io lo g ica l changes o c cu rrin g  in  th e  
blood o f  th e  P a c if ic  salmon (Oncorhvnchus tsh aw v tsch a ) 
accompanying sex u al m atu ra tio n  and spawning. E ndocrino logy , 
6 8 : 733-746.
Saba, G. C ., P. A. Saba, A. C o rn ic e l l i ,  and V. M a re s c o tt i .  1963. 
D iu rna l rhythm in  th e  ad rena l c o r t i c a l  s e c r e t io n  and in  th e  
r a t e  o f m etabolism  o f c o rtic o s te ro n e  in  th e  r a t .  A cta Endo­
c r in o lo g ic a , 44: 409-412.
Saba, F . A ., A. C o rn ic e l l i ,  G. C. Saba, G. M a l t in t i ,  and V.
M a re s c o tti .  1965. D iurnal rhythm in  th e  a d re n a l c o r t i c a l  
s e c r e t io n  and in  th e  r a t e  o f m etabolism  of c o r t ic o s te ro n e  
in  th e  r a t .  I I I .  In  b lin d  an im als. Acta E n d o crin o lo g ica , 
49 : 289-292.
Seabloom, R obert W. 1965. D aily  motor a c t iv i ty  and c o r t ic o s te ro n e  
s e c r e t io n  in  th e  meadow v o le . Jou rna l o f Mammology, 46: 
286-295.
Shimada, T . 1966. E f fe c t  o f a la rg e  dose o f dexam ethasone, a
s y n th e t ic  a d re n o c o r tic a l hormone, on th e  e lectoencephalogram  
in  r a b b i t s  w ith e le c tro d e s  c h ro n ic a lly  im planted in  th e  
b r a in .  F o lia  P s y c h ia t.  N eurol. J a p .,  20: 45-55 .
S i lb e r ,  R. H ., R. D. Busch, and R. O slapas. 1958. P r a c t ic a l
procedure  fo r  e s tim a tio n  o f c o r tic o s te ro n e  o r  h y d ro c o rtiso n e . 
C l in ic a l  C hem istry , 4 : 278-285.
69
S o llb e rg e r , A. 1965. B io lo g ic a l Rhythm R esearch , 282-297. 
E ls e v ie r  Pub lish ing  Company, New York.
T ouchstone, J .  C ., M. Kasparow, P. A. Hughes, and M. Horwitz.
1966. C o rtic o s te ro id s  in  human b r a in .  S te ro id s ,  7 ; 205-211.
T y le r , F . ,  Migeon, A. A. F lo re n tin ,  and L. T . Samuels. 1954.
The d iu rn a l  v a r ia t io n  of 1 7 -h y d ro x y co rtico s te ro id  le v e ls  
in  p lasm a. Jo u rn a l of C l in ic a l  E ndocrinology and Metabolism, 
14: 774.
W ilho ft, D. C. 1964. Seasonal changes in  th e  th y ro id  and i n t e r -  
re n a l  glands of th e  T ro p ic a l A u s tra l ia n  sk in k , Leiolopism a 
rhom bo ida lis . G eneral and Comparative E ndocrinology, 4 : 
42-55.
W olfson, A. 1959. Role of l ig h t  and d a rk n ess  in  th e  re g u la tio n  
of sp rin g  m ig ra tio n  and re p ro d u c tiv e  c y c le s  in  b i rd s .  679- 
716. J ji: Withrow, R. B. ( e d .) .  Photoperiod  ism and R elated 
Fhenomena in  P la n ts  and Anim als, AAAS, No. 55 , W ashington, 
D.C.
Woodbury, D. M. 1952. Hormones and b ra in  e x c i t a b i l i t y .  Journal 
of C l in ic a l  Endocrinology and M etabolism , 12: 924.
Woodbury, D. M., P. S . T im iras , and A. V ernadak is . 1957. In­
flu en ce  o f a d re n o c o rtic a l hormones on b ra in  fu n c tio n .
27-50. In : Hoagland, H. ( e d .) .  Hormones, B ra in  Function  
and B ehavior, Academic P re s s , New York.
Z olov ick , A ., D. W. Upson, and B. E. E le f th e r io u .  1966. D iurnal 
v a r ia t io n  in  plasma g lu c o c o r tic o s te ro id  le v e ls  in  th e  horse  
(Equus c a b a llu s ) .  Jou rna l o f E ndocrino logy , 35: 249-253.
VITA
Je r ry  W. J .  Dusseau was born July 30, 1941, in  Toledo, Ohio. 
He attended Earlham C ollege  a t  Richmond, Ind iana , where majoring 
in  b io logy he rece ived  th e  Bachelor of Arts degree in  June, 1963. 
Mr. Dusseau en te red  g rad u a te  school a t  Louisiana S ta te  U nivers ity  
in  the  Department of Zoology and Physiology in  September, 1964.
He served as a g raduate  t e a c h in g  a s s i s t a n t  and in  May, 1966, he 
received  the  Master o f S c ien ce  degree. The fo llow ing August he 
married Miss Jannie  R. M i l l e r .  In September, 1966, Mr. Dusseau 
began working toward th e  d o c to r a l  degree a t  L ouisiana  S ta te  Uni­
v e r s i t y .  His d o c to ra l  s t u d i e s  were supported by a p re -d o c to ra l  
re sea rch  fe llow sh ip  awarded by the  National I n s t i t u t e s  of Health .
Mr. Dusseau i s  p r e s e n t ly  a candidate fo r  th e  Doctor of 
Philosophy degree in  th e  Department of Zoology and Physiology a t  
Louisiana S ta te  U n iv e rs i ty .
70




Jerry  Wi l l i am Dusseau
V e r te b r a te  Zoology
Diurnal and Seasonal  V a r ia t io n s  o f  Plasma C o r t ic o s te r o n e  and 
Locomotor A c t i v i t y  in the  W hite - throated  Sparrow, Z onotr ich ia  
a 1 b i co 11 i s .
Approved:
J-/.
Major Professor and Chairman 
(Dean of the Graduate School
EXAMINING COMMITTEE:
Date of Examination: 
July  3, 1969
